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Chapter 1 INTRODUCTION 


The Zilog Z80 family of components can be configured with any type of standard 
semiconductor memory to generate computer systems with an extremely wide range of 
capabilities. For example, as few as two LSI circuits and three standard TTL MSI packages 
can be combined to form a simple controller. With additional memory and I/O devices a 
computer can be constructed with capabilities that only a minicomputer could previously 
deliver. This wide range of computational power allows standard modules to be constructed 
by a user that can satisfy the requirements of an extremely wide range of applications. 


The major reason for MOS LSI domination of the microcomputer market is the low cost of 
these few LSI] components. For example, MOS LSI microcomputers have already replaced TTL logic in 
such applications as terminal controllers, peripheral device controllers, traffic signal controllers, point of 
sale terminals, intelligent terminals and test systems. In fact the MOS LSI microcomputer is finding its way 
into almost every product that now uses electronics and it is even replacing many mechanical systems such 
as weight scales and automobile controls. 


The MOS LSI microcomputer market is already well established and new products using them are 
being developed at an extraordinary rate. The Zilog Z80 component set has been designed to fit into 
this market through the following factors: 


1. The Z80 is fully software compatible with the popular 8080A CPU offered from several sources. 
Existing designs can be easily converted to include the Z80 as a superior alternative. 


to 


. The Z80 component set is superior in both software and hardware capabilities to any other micro- 
computer system on the market. These capabilities provide the user with significantly lower hardware 
and software development costs while also allowing him to offer additional features in his system. 


3, A complete line of software support with strong emphasis on high level languages and a 
disk-based development system with advanced real-time debug capabilities is offered to 
enable the user to easily develop new products. 


Microcomputer systems are extremely simple to construct using Z80 components. Any such system 
consists of three parts: 


1. CPU (Central Processing Unit) 
2, Memory 
3. Interface Circuits to peripheral devices 


The CPU is the heart of the system. Its function is to obtain instructions from the memory and perform 

the desired operations. The memory is used to contain instructions and in most cases data that is to be 
processed. For example, a typical instruction sequence may be to read data from a specific peripheral 
device, store it in a location in memory, check the parity and write it out to another peripheral device. Note 
that the Zilog component set includes the CPU and various general purpose I/O device controllers, while a 
wide range of memory devices may be used from any source. Thus, all required components can be 
connected together in a very simple manner with virtually no other external logic. The user’s effort then 
becomes primarily one of software development. That is, the user can concentrate on describing his prob- 
lem and translating it into a series of instructions that can be loaded into the microcomputer memory. Zilog 
is dedicated to making this step of software generation as simple as possible. A good example of this is our 





assembly language in which a simple mnemonic is used to represent every instruction that the CPU can 
perform. This language is self documenting in such a way that from the mnemonic the user can understand 
exactly what the instruction is doing without constantly checking back to a complex cross listing. 


Chapter 2 ARCHITECTURE 


A block diagram of the internal architecture of the Z80 CPU is shown in figure 2.1. The diagram 
shows all of the major elements in the CPU and it should be referred to throughout the following 
description. 
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Z-80 CPU BLOCK DIAGRAM 
FIGURE 2.1 


2.1 CPU REGISTERS 


The Z80 CPU contains 208 bits of R/W memory that are accessible to the 
programmer. Figure 2.2 illustrates how this memory is configured into eighteen 8-bit 
registers and four 16-bit registers. All Z80 registers are implemented using static RAM. 

The registers include two sets of six general purpose registers that may be used individually 
as 8-bit registers or in pairs as 16-bit registers. There are also two sets of accumulator and 
flag registers and six special purpose registers. 


Special Purpose Registers" 


Program Counter (PC). The program counter holds the 16-bit address of the current instruction being 
fetched from memory. The PC is automatically incremented after its contents have been transferred 
to the address lines. When a program jump occurs the new value is automatically placed in the PC, 
overriding the incrementer. 


Stack Pointer (SP). The stack pointer holds the 16-bit address of the current top of a stack located 
anywhere in external system RAM memory. The external stack memory is organized as a last-in first- 
out (LIFO) file. Data can be pushed onto the stack from specific CPU registers or popped off of the 
stack into specific CPU registers through the execution of PUSH and POP instructions. The data 
popped from the stack is always the last data pushed onto it. The stack allows simple implementation 
of multiple level interrupts, unlimited subroutine nesting and simplification of many types of data 
manipulation, 
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Z80 CPU REGISTER CONFIGURATION 
, FIGURE 2.2 


Two Index Registers (IX & IY). The two independent index registers hold a 16-bit base address that 
is used in indexed addressing modes. In this mode, an index register is used as a base to point to a 
region in memory from which data is to be stored or retrieved. An additional byte is included in 
indexed.instructions to specify a displacement from this base. This displacement is specified as a two’s 
complement signed integer. This mode of addressing greatly simplifies many types of programs, 
especially where tables of data are used. 


Interrupt Page Address Register (I). The Z80 CPU can be operated in a mode where an indirect call 

to any memory location can be achieved in response to an interrupt. The I Register is used for this 

' purpose to store the high order 8-bits of the indirect address while the interrupting device provides the 
lower 8-bits of the address. This feature allows interrupt routines to be dynamically located anywhere 

in memory with absolute minimal access time to the routine. 


Memory Refresh Register (R). The .Z80' CPU contains a memory refresh counter to enable dynamic 
memories to be used with the same ease as static memories. Seven bits of this 8 bit register are auto- 
matically incremented after each instruction fetch. The eighth bit will remain as programmed as the 

result of an LD R, A instruction. The data in the refresh counter is sent out on the lower portion of 

the address bus along with a refresh control signal while the CPU is decoding and executing the fetched 
instruction. This mode of refresh is totally transparent to the programmer and does not slow down the 
CPU operation. The programmer can load the R register for testing purposes, but this register is normally 
not used by the programmer. During refresh, the contents of the I register are placed on the upper 8 bits of 
the address bus. 


Accumulator and Flag Registers 


The CPU includes two independent 8-bit accumulators and associated 8-bit flag registers. 
The accumulator holds the results of 8-bit arithmetic or logical operations while the flag - 
register indicates specific conditions for 8 or 16-bit operations, such as indicating whether or 
not the result of an operation is equal to zero. The programmer selects the accumulator and 
flag pair with a single exchange instruction so that it is possible to work with either pair. 





General Purpose Registers 


There are two matched sets of general purpose registers, each set containing six 8-bit registers that 
may be used individually as 8-bit registers or as 16-bit register pairs _ One set is called 
BC, DE and HL while the complementary set is called BC’, DE’ and HL’. At any one time the programmer 
can select either set of registers to work with through a single exchange command for the entire set. In 
systems where fast interrupt response is required, one set of general purpose registers and an accumulator/ 
flag register may be reserved for handling this very fast routine. Only:a simple exchange command need be 
executed to go between the routines. This greatly reduces interrupt service time by eliminating the require- 
ment for saving and retrieving register contents in the external stack during interrupt or subroutine process- 
ing. These general purpose registers are used for a wide range of applications by the programmer. They also 
simplify programming, especially in ROM based systems where little external read/write memory is 
available. 


2.2 ARITHMETIC & LOGIC UNIT (ALU) 


The 8-bit arithmetic and logical instructions of the CPU are executed in the ALU. Internally the ALU 
communicates with the registers and the external data bus on the internal data bus. The type of functions 
performed by the ALU include: 


Add Left or right shifts or rotates (arithmetic and logical) 
Subtract Increment 

Logical AND Decrement 

Logical OR © Set bit 

Logical Exclusive OR Reset bit 

Compare Test bit 


2.3 INSTRUCTION REGISTER AND CPU CONTROL 


As each instruction is fetched from memory, it is placed in the instruction register and decoded. The 
control sections performs this function and then generates and supplies all of the control signals necessary 
to read or write data from or to the registers, control the ALU and provide all required external control 
signals. : 





Chapter 3 . PIN DESCRIPTION 


The Z80 CPU I/O pins are shown in figure 3.1 and the function of each is described 
below. 
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2-80 PIN CONFIGURATION 
FIGURE 3.1 


PIN DESCRIPTIONS 


Ao-Ai15- Address Bus (output, active High, 3-state). Ap-A15 
form a 16-bit address bus. Tne Address Bus provides the 
address for memory data bus exchanges (up to 64K bytes) 
and for I/O device exchanges. 


BUSACK. Bus Acknowledge (output, active Low). Bus 
Acknowledge indicates to the requesting device that the 
CPU address bus, data bus, and control signals MREQ, 
TORQ, RD, and WR have entered their high-impedance 
states. The external circuitry can now contro! these lines. 


BUSREQ. Bus Request (input, active Low). Bus Request 
has a higher priority than NMI and is always recognized at 
the end of the current machine cycle. BUSREQ forces the 
CPU address bus, data bus, and control signals MREQ, 
IORQ, RD, and WR to go to a high-impedance state so that 
other devices can control these lines. BUSREQ is normally 
wired-OR and requires an external pullup for these 
applications. Extended BUSREQ periods due to extensive 
DMA operations can prevent the CPU from properly 
refreshing dynamic RAMs. 





Do-D7. Data Bus (input/output, active High, 3-state). Do-D7 
constitute an 8-bit bidirectional data bus, used for data 
exchanges with memory and I/O. 


HALT. Halt State (output, active Low). HALT indicates that 
the CPU has executed a Halt instruction and is awaiting 
either anonmaskable or a maskable interrupt (with the mask 
enabled) before operation can resume. While halted, the 
‘CPU executes NOPs to maintain memory refresh. 


INT. Interrupt Request (input, active Low). Interrupt Request 
is generated by I/O devices. The CPU honors a request at 
the end. of the current instruction if the internal 
software-controlled interrupt enable flip-flop (IFF) i 
enabled. INT is normally wired-OR and requires an external 
pullup for these applications. 


1ORQ. Input/Output Request (output, active Low, 3-state). 
1ORQ indicates that the lower half of the address bus holds a 
valid !/O address for an I/O read or write operation. IORQ is 
also generated concurrently with M1 during an interrupt 
acknowledge cycle to indicate that an interrupt response 
vector can be placed on the data bus. . 


NMI. 


M1. Machine Cycle One (output, active Low). M7, together 
with MREQ, indicates.that the current machine e cycle is the 
opcode fetch cycle of an instruction execution. M1, together 
with 1ORQ, indicates an interrupt acknowledge cycle. 


MREQ. Memory Request (output, active Low, 3-state). 


MREQ indicates that the address bus holds a valid address 


for amemory read or memory write operation. 


Non-Maskable Interrupt (input, _ negative edge- 
triggered). NMI has a higher priority than INT. NMI is always 
recognized at the end of the current instruction, 
independent of the status of the interrupt enable flip-flop, 
and automatically forces the CPU to restart at location 
OO66H. 


RD. Read (output, active Low, 3-state). RD indicates that the 
CPU wants to read data from memory or an I/O device. The 
addressed 1!/O device or memory should use this slenel to 
gate data onto the CPU data bus. 


RESET. Reset (input, active Low). RESET initializes the CPU ° 
as follows: it resets the interrupt enable flip-flop, clears the 
PC and Registers | and R, and sets the interrupt status to 
Mode 0. During reset time, the address and data bus gotoa 
high-impedance state, and all contro! output signals go to 
the inactive state. Note that RESET must be active for a 
minimum of three full clock eyeles before the reset peperatan 
is complete. 





RFSH. Refresh (output, active Low). RFSH, togetner with 


MREQ, indicates that the lower seven bits of the system’s 
address bus can be used as a refresh address to the 
system's dynamic memories. 


WAIT. Wait (input, active Low). WAIT indicates to the CPU 


that the addressed memory or I/O devices are not ready for 
a data transfer. The CPU continues to enter a Wait state as 
long as this signal is active. Extended WAIT periods can 
prevent the CPU irom properly refreshing dynamic 
memory. 





WR. Write (output, active Low, 3-state). WR indicates that the 
CPU data bus holds valid data to be stored at the addressed 
memory or I/O location, 


CLK. Clock (input). Single -phase MOS-level clock. : 





Chapter 4 TIMING 


The Z80 CPU executes instructions by stépping through a very precise set of a few basic operations. 
These include: 


Memory read or write 
1/O device read or write 


Interrupt.acknowledge 


All instructions are merely a series of these basic operations. Each of these basic 
operations can take from three to six clock periods to complete or they can be lengthened 
to synchronize the CPU to the speed of external devices. The basic clock periods are 
referred to as T (time) cycles and the basic operations are referred to as M (machine) cycles. 
Figure 4.1 illustrates how a typical instruction is merely a series of specific M and T cycles. 
Notice that this instruction consists of three machine cycles (M1, M2 and M3). The first 
machine cycle of any instruction is a fetch cycle which is four, five or six T cycles long 
(unless lengthened by the wait signal which will be fully described in the next section). The 
fetch cycle (M1) is used to fetch the OP code of the next instruction to be executed. 
Subsequent machine cycles move data between the CPU and memory or I/O devices and 
they may have anywhere from three to five T cycles (again they may be lengthened by wait 
states to synchronize the external devices to the CPU). The following paragraphs describe 
the timing which occurs within any of the basic machine cycles. 
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BASIC CPU TIMING EXAMPLE 
FIGURE 4.1 


. During T2 and every subsequent Tw, the CPU samples the WAIT line with the 
falling edge of Clock. If the WAIT line is active at this time, another wait state will be 
entered during the following cycle. Using this technique the read can be lengthened to 
match the access time of any type of memory device. 





INSTRUCTION FETCH 


Figure 4.2 shows the timing during an M1 (OP code fetch) cycle. The PC is placed 
on the address bus at the beginning of the Mi cycle. One half clock cycle later the MREQ 
signal goes active. At this time the address to the memory has had time to stabilize so that 
the falling edge of MREQ can be used directly as a chip enable clock to dynamic memories. 
The RD line also goes active to indicate that the memory read data should be enabled onto 
the CPU data bus. The CPU samples the data from the memory on the data bus with the 
rising edge of the clock of state T3 and this same edge is used by the CPU to turn off the _ 
RD and MREQ signals. ‘Thus the data has already been sampled by the CPU before the RD 
signal becomes inactive. Clock state T3 and Ty of a fetch cycle are used to refresh dynamic 
memories. (The CPU uses this time to decode and execute the fetched instruction so that 
no other operation could be performed at this time). During T3 and Ty, the lower 7 bits of 
the address bus contain a memory refresh address and the RFSH signal becomes active to 
indicate that a refresh read of all dynamic memories should be accomplished. Notice that a 
RD signal is not generated during refresh time to prevent data from different memory 
segments from being gated onto the data bus. The MREQ signal during refresh time should 
be used to perform a refresh read of all memory elements. The refresh signal can not be 
used by itself since the refresh address is only guaranteed to be stable during MREO time. 





























INSTRUCTION OP CODE FETCH 
FIGURE 4.2 





MEMORY READ OR WRITE 


Figure 4.3 illustrates the timing of memory read or write cycles other than an OP code fetch 
cycle. These cycles are generally three clock periods long unless wait states are requested by the memory 
via the WAIT signal. The MREQ signal and the RD signal are used the same as in the fetch cycle. In the case 
of a memory write cycle, the MREQ also becomes active when the address bus is stable so that it can be 
used directly 2s a chip enable for dynamic memories. The WR line is active when data on the data bus is 
stable so that it can be used directly as a R/W pulse to virtually any type of semiconductor memory. 
Furthermore the WR signal goes inactive one halt T state before the address and data bus contents are 
changed so that the overlap requirements for virtually any type of semiconductor memory type will be met. 
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MEMORY READ OR WRITE CYCLES 
‘FIGURE 43. 


INPUT OR OUTPUT CYCLES 


Figure 4.4 illustrates an I/O read or I/O write operation.. Notice that during I/O 
operations a single wait state is automatically inserted. The reason is that during I/O 
operations, the time from when the IORQ signal goes active until the CPU must sample the 
WAIT line is very short and without this extra state sufficient time does not exist for an 
I/O port to decode its address and activate the WAIT line if a wait is required. Also, 
without this wait state it is difficult to design MOS I/O devices that can operate at full CPU 
speed. During this wait state time the WAIT request signal-is sampled. 

During a read I/O operation, the RD line is used to enable the addressed port onto 
the data bus just as in the case of a memory read. For I/O write operations, the WR line is 
used as a clock to the I/O port. , 




















INPUT OR OUTPUT CYCLES 
FIGURE 4.4 


* Automatically inserted WAIT state 


BUS REQUEST/ACKNOWLEDGE CYCLE 

Figure 4.5 illustrates the timing for a Bus Request/Acknowledge cycle. The| BUSREQ signal is 
sampled by the CPU with the rising edge of the last clock period of any machine cycle. If the BUSREQ 
signal is active, the CPU will set its address, data and 3-state control signals to the high impedance state 
with the rising edge of the next clock pulse. At that time any external device can control the buses to ~ 
transfer data between memory and I/O devices. (This is generally known as Direct Memory Access [DMA] 
using cycle stealing). The maximum time for the CPU to respond to a bus request is the length of a machine 
cycle and the external controller can maintain control of the bus for as many clock cycles as is desired. 
Note, however, that if very long DMA cycles are used, and dynamic memories are being used, the external 
controller must also perform the refresh function. This situation only occurs if very large blocks of data are 
transferred under DMA control. Also note that during a bus request cycle, the CPU cannot be interrupted 
by either an NMI or an INT signal 
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BUS REQUEST/ACKNOWLEDGE CYCLE 
FIGURE 4.5 


INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 


Figure 4.6 illustrates the timing associated with an interrupt cycle. The interrupt signal (INT) is 
sampled by the CPU with the rising edge of the last clock at the end of any instruction. The signal will not be 
accepted if the internal CPU software controlled interrupt enable flip-flop is not set or if the BUSREQ signal 
is active. When the signal is accepted a special MI cycle is generated. During this special M1 cycle the LORQ 
signal becomes active (instead of the normal MREQ) to indicate that the interrupting device can place an 
8-bit vector on the data bus. Notice that two wait states are automatically added to this cycle. These states 
are added so that a ripple priority interrupt scheme can be easily implemented. The two wait states allow 
sufficient time for the ripple signals to stabilize and identify which I/O device must insert the response 
vector. Refer to Chapter 6 for details on how the interrupt response vector is utilized by the CPU. 
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 
FIGURE 4.6 








NON MASKABLE INTERRUPT RESPONSE 


Figure 4.7 illustrates the request/acknowledge cycle for the non maskable interrupt. This signal is 
sampled at the same time as the interrupt line, but this line has priority over the normal interrupt and it can 
not be disabled under software control. Its usual function is to provide immediate response to important 
signals such as an impending power failure. The CPU response to a non maskable interrupt is similar to a 
normal memory read operation, The only difference being that the content of the data bus is ignored while 
the processor automatically stores the PC in the external stack and jumps to location 0066,,. The service 
routine for the non maskable interrupt must begin at this location if this interrupt is used. 


HALT EXIT 


Whenever a software halt instruction is executed the CPU begins executing NOP s until an interrupt is 
received (either a non maskable or a maskable interrupt while the interrupt flip flop is enabled). The two 
interrupt lines are sampled with the rising clock edge during each T, state as shown in figure 4.8. [f anon 
maskable interrupt has been received or a maskable interrupt has been received and the interrupt enable 
flip-flop is set, then the halt state will be exited on the next rising clock edge. The following cycle will then 
be an interrupt acknowledge cycle corresponding to the type of interrupt that was received. If both are 
received at this time, then the non maskable one will be acknowledged since it has highest priority. The 
purpose of executing NOP instructions while in thé halt state is to keep the memory refresh signals active. 
Each cycle in the halt state is a normal M1 (fetch) cycle except that the data received from the memory is 
ignored and a NOP instruction is forced internally to the CPU. The halt acknowledge signal is active during 
this time to indicate that the processor is in the halt state. 
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NON MASKABLE INTERRUPT REQUEST OPERATION 
FIGURE 4.7 
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POWER DOWN ACKNOWLEDGE CYCLE 


When the clock input to the CMOS Z80 CPU is stopped at either a High or Low 
level, the CMOS Z80 CPU stops its operation and maintains all registers and control signals. 
However, I, (standby supply current) is guaranteed only when the system clock is stopped 
at a Low level during T, of the machine cycle following the execution of the HALT 
instruction. The timing diagram for the power-down function, when implemented with the 
HALT instruction, is shown in figure 4.9. 
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FIGURE 4.9 POWER-DOWN ACKNOWLEDGE 


POWER DOWN RELEASE CYCLE 


The system clock must be supplied to the CMOS Z80 CPU to release the power- 
_ down state. When the system clock is supplied to the CLK input, the CMOS Z80 CPU 
restarts operations from the point at which the power-down state was implemented. The 
timing diagrams for the release from power-down mode are shown in figure 4.10. 


2) When the HALT instruction is executed to enter the power-down state, the CMOS 
Z80 CPU will also enter the Halt state. An interrupt signal (either NMI or INT) or 
a RESET signal must be applied to the CPU after the system clock is supplied in 
order to-release the power-down state. 
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Chapter 5 Z80 CPU INSTRUCTION SET 


5.0 Z80 ASSEMBLY LANGUAGE PROGRAMMING MANUAL 


5.1 INTRODUCTION: 


The assembly language provides a means for writing a 
program without having to be concerned with actual 
memory addresses or machine instruction formats. It 
allows the use of symbolic addresses to identify memory 
locations and mnemonic codes (opcodes and operands) to 
represent the instructions themselves. Labels (symbols) 
can be assigned to a particular instruction step in a 
source program to identify that step as an entry point 
for use in subsequent instructions. Operands following 
each instruction represent storage locations, registers, 
or constant values. .The assembly language also includes 
assembler directives that supplement the machine 
instruction. A pseudo-op, for example, is a statement 
which is not translated into a machine instruction, but 
rather is interpreted as a directive that controls the 
assembly process. ; 


A program written in assembly language is called a 
source program. It consists of symbolic commands called 
statements. Each statement is written on a single line 
and may consist of from one to four entries: A label 
field, an operation field, an operand field and a 
comment field. The source program is processed by the 
assembler to obtain a machine language program (object 
program) that can be executed directly by the Z80-CPU. 


Zilog provides several different assemblers which differ 
in the features offered. Both absolute and relocatable 
assemblers are available with the Development and 
Microcomputer Systems. The absolute assembler is 
contained in base level software operating in a 16K 
memory space while the relocating assembler is part of 
the RIO environment operating in a 32K memory space. 


5.2 Z80 STATUS INDICATORS (FLAGS) 


_ The flag register (F and F’) supplies information to the 
user regarding the status of the Z80 at any given time. 
The bit positions for each flag is shown below: 


7 6 5 4 3 2 1 #90 
|S [2] x {al xfevvis jc 


WHERE: 


CARRY FLAG 
ADD/SUBTRACT FLAG 
PARITY/OVERFLOW FLAG 
HALF-CARRY FLAG 

ZERO FLAG 

SIGN FLAG 

NOT USED 


MOAN MA AAD 
ul 


Each of the two 2-80 Flag Registers contains 6 bits of 
Status information which are set or reset by CPU 
operations. (Bits 3 and 5 are not used.) Four of these 
bits are testable (C,P/V,Z and S) for use with 
conditional jump, call or return instructions. Two 
flags are not testable (H,N) and are used for BCD 
arithmetic.» 


CARRY FLAG (C) 


The carry bit is set or reset depending on the operation 
being performed. .For “ADD’ instructions that generate a 
carry and “SUBTRACT” instructions that generate a 
borrow, the Carry Flag will be set. The Carry Flag is 
reset by an ADD that does not generate a carry anda 
“SUBTRACT” that generates no borrow. This saved carry 
facilitates software routines for extended precision 
arithmetic. Also, the "DAA" instruction will set the 
Carry Flag if the conditions for making the decimal 
adjustment are met. 


For instructions RLA, RRA, RLS and RRS, the carry bit is 
used as a link between the LSB and MSB for any register 

or memory location. During instructions RLCA, RLC s and 
SLA s, the carry contains the last value shifted out of 

bit 7 of any register or memory location. During 


10 


instructions RRCA, RRC s, SRA.s and SRL s-~ the carry 
contains the last value shifted out of bit O of any 
register or memory location. 


For the logical instructions AND s, OR s and XOR Ss, 
the carry will be reset. 


The Carry Flag can also be set (SCF) and complemented 
(CCF). 


ADD/SUBTRACT FLAG (N) 


This flag is used by the decimal adjust accumulator 
instruction (DAA) to distinguish between “ADD’ and 
“SUBTRACT’ instructions. For all “ADD’ instructions, N 
will be set to an “0%. For all “SUBTRACT’ instructions, 
N will be set to a ‘1’. 


PARITY/OVERFLOW FLAG 


This flag is set to a particular state depending on the 
Operation being performed. 


For arithmetic operations, this flag indicates an 
overflow condition when the result in the Accumulator is. 
greater than the maximum possible number (+127) or is 
less than the minimum possible number (-128). This 
overflow condition can be determined by examining the 
sign bits of the operands. 


For addition, operands with different signs will never 
cause overflow. When adding operands with like signs 
and the result has a different sign, the overflow flag 
is set. For example: 


+120 = O111 1000 ADDEND 
+105 = 0110 1001 AUGEND 
Hees 1110 0001 (-95) SUM 


The two numbers added together has resulted in a number 
that exceeds +127 and the two positive operands has 
resulted in a negative number (=-95) which is incorrect. 
The overflow flag is therefore set. 


For subtraction, overflow can occur for operands of 
unlike signs. Operands of like sign will never cause 
overflow. For example: 


e127 Oba Tiel MINUEND . 
(=) -64 1100 0000 S UBTRAHEND 
+191 LOL? ditt DIFFERENCE 


The minuénd sign has changed from a positive to a 
negative, giving an incorrect difference. Overflow is 
therefore set. 


Another method for predicting an overflow is to observe 
the carry into and out of the sign bit. If there tis a 
carry in and no carry out, or if there is no carry in 
and a carry out, then overflow has occurred. 


This flag is also used with logical operations and 
rotate instructions to indicate the parity of the 
result. The number of ‘1’ bits in a byte are counted. 
If the total is odd, “ODD’ parity (P=0) is flagged. If 
the total is even, “EVEN” parity is flagged (P=1l). 


During search instructions (CPI,CPIR,CPD,CPDR) and block 
transfer instructions (LDI,LDIR, LDD,LDDR) the P/V flag 
monitors the state of the byte count register (BC). 

When decrementing, the byte counter results in a zero 
value, the flag is reset to 0, otherwise the flag is a 
Logic l. 


During LD A,I and LD A,R instructions, the P/V flag will 
be set with the contents of the interrupt enable 
flip-flop (IFF2) for storage or testing. 


When inputting a byte from an I/O device, IN r,(C), the 
flag will be adjusted to indicate the parity of the 
data. 


THE HALF CARRY FLAG (H) 


The Half Carry Flag (H) will be set or reset depending 
on the carry and borrow status between bits 3 and 4 of 
an 8-bit arithmetic operation. This flag is used by the 
decimal adjust accumulator instruction (DAA) to correct 
the result of a packed BCD add or subtract operation. 
The H flag will be set (1) or reset (0) according to the 
following table: 


H ADD | SUBTRACT — | 


Bit 3 to Bit 4 borrow from 
bit 4 


! | ' 

| 
| Ps There is a carry from | There is 

| i 

if 


| Q | There is no carry | There is noi 
| from Bit 3 to Bit 4 | borrow from 
Bit 4 








THE ZERO FLAG (2) 


The Zero Flag (Z) is set.or reset if the result 
generated by the execution of certain instructions 


is a zero. 


For 8=-bit arithmetic and logical operations, the Z 
flag will be set to a “1” if the resulting byte in 
the Accumulator is Zero. Tf the byte is not zero, 
the Z flag is reset to ’0’. 


For.compare (search) instructions, the Z flag will 
be set to a °l’ if a comparison is found between 
the value in the Accumulator and the memory 
location pointed to by the contents of the register 
pair HL. 


When testing a bit in a register or memory 
location, the Z flag will contain the complemented 
state of the indicated bit (see Bit b,s). 


When inputting or outputting a byte between a 
memory location and an I/O device (INI;IND;O0UTI and 
OUTD), if the result of B-l is zero, the Z flag is 
set, otherwise it is reset. Also for byte inputs 
from I/0 devices using IN r,(C), the 2 Flag is set 
to indicate a zero byte input. 


THE SIGN FLAG (S) 


The Sign Flag (S) stores the state of the most 
significant bit of the Accumulator (Bit 7). When 
the 280 performs arithmetic operations on signed 
numbers, binary two’s complement notation is used 
to represent and process numeric information. A 
positive number is identified by a °0’ in- bit 7. A 
negative number is identified by a “1’. The binary 
equivalent of the magnitude of a positive number is 
stored in bits 0 to 6 for a total range of from 0 
to 127. A negative number is represented by the 
two’s complement of the equivalent positive number. 
The total range for negative numbers is from -l to 
-128. 


When inputting a byte from an I/O device to a 
register, IN r,(C), the S flag will indicate either 
positive (S=0) or negative (S=l1) data. 
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5.3 Z80 INSTRUCTION SET 


NOTE: Execution time (E.T.) for each instruction is 
given in microseconds for an assumed 4 MHZ clock. Total 
machine cycles (M) are indicated with total clock 
periods (T States). Also indicated are the number of T 
States for each M cycle. For exanple: 


if CYCLES: 2 T STATES: 7(4,3) 4 MHZ E€.T.: 1,75 


indicates that the instruction consists of 2 machine 
cycles, The first cycle contains 4 clock periods (T 
States). The second cycle contains 3 clock periods for 
a total of 7 clock periods or T States, The instruction 
. will execute in 1.75 microseconds, 


‘Register format is shown for each instruction with the 
most significant bit to the left and the least 
Significant bit to the right, 


% 


8 BIT LOAD GROUP 


, 


Operation: r<r 
Format: 
Opcode Operands 


LD 2p 


0 i te 


Description: 


The contents of any register r”° are loaded into any 
other register r. Note: r,r° identifies any of the | 
registers A, B, C, D, E, H, or L, assembled as follows 
in the object code: 


Register 1 ae ai 


= 1ll 
= 000 
001 
010 
= Q11 
= 100 
= 101 


craxemuvOW > 


M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.0 
Condition Bits Affected: None 


Example: 


If the H register contains the number 8AH, and the E 
register contains 10H, the instruction 


LD H, E 


would result in both registers containing 10H. 


aT 


LD 


Operation: r<«n 
' Format: 


Opcode Operands 


Description: 


The eight-bit integer n is loaded into any register r, 
where r identifies register A, B, C, D, £, H or L, 
assembled as follows in the object code: 


Register r 
= Tt) 
000 
001 
010 
O11 
100 
101 


rtm oO Ww Pp 
W 


aoa ow 


M CYCLES: 2 T STATES: 7(4,3) 4 MHZ ET: Led 


Condition Bits Affected: None 
Example:. 
After the execution of 

LD E, ASH 


the contents of register E will be ASH. 


9Q 


Mm, 


[LO 


r, CHL) 


Operation: r<-(HL) 


Format: 
Opcode | Operands 


LD r, (HL) 


Dy ae de 


Description: 


The eight-bit contents of memory location (HL) are 
loaded into register r, where r identifies register A, 
B, C, D, E, H or L, assembled as follows in the object 
code: 


Register r 
A= 111 
B = 000 
Cc = 001 
D = 010 
E = 011 
H = 100 
L = 101 
M CYCLES: .2 T STATES: 7(4,3) 4 MHZ §.T.: 1.75 


Condition Bits Affected: . None 


Example: 

If register pair HL contains the number 75AlH, and 
memory address 75Al1H contains the byte 58H, the 
execution of 


LDC, (HL) 


will result in 58H in register C. 


An 


LD vr, UX+d) 


Operation: r< (IX+d) 


Format: 
-Opeode Operands 
LD; r, (IX+d) 


e208. DD 


Description: 


The operand (IX+d) (the contents of the Index Register 
IX summed with a two’s complement displacement integer 
d) is loaded into register r, where r identifies 
register A, B, C, D, E, H or L, assembled as follows in 
the object code: 


Register 5 
A= 111 
B = 000 
c = 001 
D = 010 
E = Oll 
H = 100 
L = 101 


M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4-MHZ E.T.: 4.75 


Condition Bits Affected: None 


Example: 


If the Index Register IX contains the number 25AFH, the 
instruction 


1 


LD B, (IX+19H) 


will cause the calculation of the sum 25AFH + 19H, which 
points to memory location 25C8H. If this address 
contains byte 39H, the instruction will result in 
register B also containing 39H. 


29. 


LD r, tY+d) 


Operation: r= (1Y+d) 


Format: 
Opcode Operands 
LD r, (1Y+d) 


Description: 


The operand (IY+d) (the contents of the Index Register 
IY summed with a two’s complement displacement integer 
d) is loaded into register r, where r identifies 
register A, B, C, D, E, H or L, assembled as follows in 
the object code: 


Register zr 


' 
‘ 


ed 
000 
001 
010 
011 
100 
101 


rmmooOw > 
nou 


M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 


Condition Bits Affected: None 


22 


Example: 


If the Index Register IY contains the number 25AFH, the 
instruction 


LD B, (IY+19H) 
will cause the calculation of the sum 25AFH + 19H, which 
points to memory location 25C8H. If this address 


contains byte 39H, the instruction will result in 
-register B also containing 39H. 


20 


| LD CHL), 


Operation: (HL) <r 
Format: 
Opcode Operands 


LD (HL), x 


0-2). bh oh. Opa 


Description: 


The contents of register r are loaded into the memory 
location specified by the contents of the HL register 
pair. The symbol r identifies register A, B, C, D, E, H 
or L, assembled as follows in the object code: 


Register r 
111i 
000 
001 
010 
O11 
100 
101 


rrmmo}ow Pp 
aoe ko 6 a ow 


M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75 
Condition Bits Affected: None 


Example: 

If the contents of register pair HL specifies memory 
location 2146H, and the B register contains the byte 
29H, after the execution of 


LD (HL), B 


memory address 2146H will also contain 29H, 


26 


m 


2A 


_D UX+d), r 


Operation: (IXtd)<r 
Format: 
Opcode Operands 


LD (IX+d), r 
Bed. 40 de ed ak. 0. 0D 
8 EN ae Mi OO a ecard 


_————— d ——— 


Description: 


The contents of register r are loaded into the memory 
address specified by the contents of Index Register IX 
summed with d, a two’s complement displacement integer, 
The symbol r identifies register A, B, C, D, E, H or L, 
assembled as follows in the object code: 


Register r 
L1ll 
000 
001 
010 
Oll 
100 
101 


remo Ww Pp 
oe uk we wow 


M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 


Condition Bits Affected: None 


37 


Example: 


If the C register contains the byte ICH, and the Index 
Register IX contains 31L00H, then the instruction 


LD (IX+6H), C 


will perform the sum 3100H + 6H and will load 1CH into 
memory location 3106H. 


LD UY+d), r 


Operation: (l¥+d)<r 


Format: 
Opcode Operands 
LD. (LY+d), r 
ok, Se oad 26 2 FD 
of La) 
Description: 


The contents of register r are loaded into the memory 
address specified by the sum of the contents of the 
Index Register IY and d, a two’s complement displacement 
integer. The symbol r is specified according to the 
following table. 


Register r 


remo Ww Pp 


M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 


Condition Bits Affected: None 


Example: 


If the C register contains the byte 48H, and the Index 
Register IY contains 2Al1lH, then the instruction 


LD (1Y+4H), C 


will perforn the sum 2Al1H + 4H, and will load 48H into 
memory location 2A15. 


_D (HL), n 


Operation: (HL)<n 


Format: 


Opcode ~~ Operand 





LD (HL) ,n 


Description: 


Integer n is loaded into the memory address specified by 
the contents of. the HL register pair, 


M CYCLES: 3 T STATES: 10(4,3,3) 4 MHZ ET. 2450 


Condition Bits Affected: None 
Example: 


If the HL register pair contains 4444H, the instruction 
LD (HL), 2811 


will result in the memory location 4444H containing the 
byte 28H. 


LD Ux+d), n 


Operation: (IXtd)=-n 


Format: 





Opcode Operands 


LD (IX+d), n 


Th Or. Es ds Pe oe. DD 


Description: 
The n operand is loaded into the memory address 


specified by the sum of the contents of the Index 


Register IX and the two’s complement displacement 
operand d. 


M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4,75 


Condition Bits Affected: None 





Example: 


If the Index Register IX contains the number 219AH the 
instruction 


LD (IX+5H), 5SAH 


would result in the byte 5AH in the memory address 
Z19FH, . 


LD .adY+d), nm 


Operation: (l¥+d)<n 


Format: 
Opcode Operands 


LD (lY+d),n 


De es eS he Oe FD 


Description: 

Integer n is loaded into the memory location specified 
by the contents of the Index Register summed with the 
two’s complement displacement integer d. 

M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 
Condition Bits Affected: NONE 


Example: 


If the Index Register IY contains the number A940H, the 
instruction 


LD (IY+10H), 97H 


would result in byte 97 in memory location A95OH. 


LD A, (BC 


Operation: A+ (BC) 
Format: 
Opcode Operands 


LD A, (BC) 


OO OO Oe TS 0 ck OA 


Description: 
The contents of the memory location specified by the 


contents of the BC register pair are loaded into: the 
Accumulator, 


M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75 
Condition Bits Affected: — None 


Exanple: 

If the BC register pair contains the number 4747H, and 
memory address 4747H contains the byte 12H, then the 
instruction | 


LD A, (BC) 


will result in byte 12H in register A, 


-_D A, (DEJ) 


Operation: A + (DE) 


‘Format: 





Opcode Operands 


LD A, (DE) 


06° OR A U8 a |) AA 


Description: 





The contents of the memory Location specified by the 
register pair DE are loaded into the Accumulator. 


M CYCLES: 2 TE STATES*. 7(4,4)-~ 4: MEZ. Batt: L475 


Condition Bits Affected: None 


Example: 

If the DE register pair contains the number 30A2H and 
memory address 30A2H contains the byte 22H, then the. 
instruction 


LD A, (DE) 


will result in byte 22H in register A, 


LD A, (Cnn) 


Operation: A+ (nn) 
Format: 
Opcode Operands 


LD A, (nn) 


Descriplion: 
The contunts of the memory location specified by the 
operands nn are loaded into the Accumulator. The first. 


n operand after the op code is the low ordder byte of a 
two-byte memory address. , 


M CYCLES: 4 T STATES: 13(4,3,3,3) 4 MHZ E.T.: 3.25 
Condition Bits Affected: None 


Example: 

If the contents of nn is number 8832H, and the content 
of memory address 8832H is byte O4H, after the 
instruction 


LD A, (nn) 


byte O4H will be in the Accumulator. 


_D (BC), A 


Operation: (BC)<A 
Format: 
Opcode : Operands 


LD (BC) ,A 


00:0 90 0 7 0 02 


Description: 


The contents of the Accumulator are loaded into the 
memory location specified by the contents of the 
register pair BC. 


M CYCLES: 2 T STATES: 7(4,3) 4 MHZ Ee Tas- lat 


Condition Bits Affected: None 





Example: 


If the Accumulator contains 7AH and the BC register pair 
contains 1212H the instruction 


LD (BC),A 


will result in 7AH being in memory location 1212, 


LD (DE), A 


Operation: (DE)<A 
Format: 
Opcode Operands 


LD (DE),A 


OP? Oe 00 de 0: 0 AD) 2 


Description: 
The contents of the Accumulator are loaded into the 


memory location specified by the contents of the DE 
register pair. 


M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75 
Condition Bits Affected: None 
Example: 


If the contents of register pair DE are 1128H, and the 
Accumulator contains byte AOH, the instruction 


LD (DE),A 


will result in AOH being in memory location 1128H. 


An 


as 


(nnj, A 


Operation: (nn)<-A 
Format: 
Opcode Operands 


LD (nn) ,A 


Description: 


The contents of the Accumulator are loaded into the 
memory address specified by the operand on. The first na 
operand after the op code is the low order byte of nn. 


M CYCLES: 4 T STATES: 13(4,3,3,3) 4 MHZ £.T.: 3.25 
Condition Bits Affected: None 
Example: 


If the contents of the Accumulator are byte D7H, after 
the execution of 


LD (3141H),A 


D7ll will be in memory location 3141H. 


LD 


Operation: AI. 
: \ 
Format: 


Opcode : Operands 


LD A, I 


be abe Me Oe ode Tee Ot ED 


Description: 
The contents of the Interrupt Vector ‘Register I are 
loaded into the Accumulator. 


M CYCLES: 2 T STATES: 9(4,5) 4 MHZ E.T.: 2.25 


Condition Bits Affected: 


S: Set if [-Reg. is negative; 
reset otherwise 

Z: Set if I-Reg. is zero; 
reset otherwise 

H: Reset : 

P/V: Contains contents of IFF2 
N: Reset , 
CG: Not affected 


Note: 


If an interrupt occurs during execution of this 
instruction, the Parity flag will contain a 0. 


_D A, R 


Operation: A+R 


Format: 


Description: 
The contents of Memory Refresh Register R are loaded 
into the Accumulator. 


NM CYCLES 3: <2 © STATES 9435) 4 MHZ EwTet 2425 


Condition Bits Affected: 


S: Set if R-Reg. is negative; 
reset otherwise : 

Z: Set if R-Reg. is zero; 
reset otherwise 

H: Reset 

P/V: Contains contents of IFF2 
N: Reset 
C: Not affected 


Note: 


If an interrupt occurs during execution of this 
instruction, the Parity flag will contain.a 0. 


LD 


Operation: I<A 

‘Kotmats 
Opcode . Operands 
LD I,A 


0: ae oO SO). kg Le ok 47 


Description: 
The contents of the Accumulator are loaded into the 
Interrupt Control Vector Register, I. 


M-CYCLES: 2 T STATES: 9(4,5) 4 MHZ EN. Tee 2.25 


Condition Bits Affected: None 


-D RR, A 


Operation: R+-A 
Format: 
Opcode Operands 


LD R,A 


Description: 
The contents of the Accumulator are .loaded into the 
Memory Refresh register R. 


M CYCLES: 2 T STATES: 9(4,5) 4 MHZ E.T.: 2.25 


Condition Bits Affected: None 


-16 BIT LOAD GROUP- 


rr 


_D dd, nn 


Operation: dd<nn 
Format: 
Opcode Operands 


LD dd, nn 


Di Od. 2d: 08D: Os. 


—eeseesren’ QUST... ..===—=—_—_—_——— 


Description: 


The two-byte integer nn is loaded into the dd register 
pair, where dd defines the BC, DE, HL, or SP register 
pairs, assembled as follows in the object code: 





Pair dd 
BC 00 
DE 01 
HL 10 
SP Lil 


The first n operand after the op code is the low order’ 


byce. 

M CYCLES: 3 T STATES: 10(4,3,3) 4 MHZ E.T.: 2.50 
Condition Bits Affected: None 

Example: 


After the execution of 
LD HL, 5000H 


the contents of the HL register pair will be 5000H. 


LD IX, nr 


Operation: IX<«nn 
Format: 


Opcode Operands 


LD . IX,nn 


Description: 


Integer nn is loaded into the Index Register IX. The _ 
first n operand after the op code is the low order byte. 


M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T.: 3.50 
Condition Bits Affected: None 
Example: 
After the instruction 
LD IX, 45A2H 


the Index Register will contain integer 45A2H. 


_D 


IY, mn 


Operation: !Y<nn 


Format: 2 
Opcode Operands 
LD lY,nn 


OO a Ore sO Oe ea sad 


Description: 


Integer nn is loaded into the Index Register IY. The 
first n operand after the op code is the low order byte. 


M CYCLES: 4 T STATES: 14(4,4,3,3), 4 MHZ E.T.: 3.50 
Condition Bits Affected: None 
Example: 
After the instruction: 
LD IY,7733H 


the Index Register IY will contain the integer 7733H. 


LD HL, (nn 


\ 


Operation: H< (nnt+1), L< (nn) 


Format: 
Opcode Operands 
LD HL, (nn) 


O° 00 10200 k. 0 2A 


Description: 

The contents of memory address (nn) are loaded into the 
low order portion of register pair HL (register L), and 
the contents of the next highest memory address (nntl) 
are loaded into the high order portion of HL (register 
H). The first n operand after the op code is the low 
order byte of nn. 

M CYCLES: 5 T STATES: 16(4,3,3,3,3) 4 MHZ E.T.: 4.00 


Condition Bits Affected: None 


Example: 


If address 4545H contains 37H and address 4546H contains 
AlH after the instruction 


LD HL,(4545H) 


the HL register pair will contain A137H. 


aN 


-_D dd, (nn) 


Operation: ddyy«(nn+1) ddy < (nn) 
Format: 
Opcode Operands 


L 


oO 


dd, (nn) 


Boa, Oe de OR ee AED 


Oe 


a. 
Qa. 


‘Tes ¢ ie laine E 

——)h ———— 

—<—<— ) ————_—— 
Description: 
The contents of address (nn) are loaded into the low 
order portion of register pair dd, and the contents of 
the next highest memory address (nn+l) are loaded into 
the high order portion of dd. Register pair dd defines 


BC, DE, HL, or SP register pairs, assembled as follows 
in the object code: 





Pair dd 
BC 00 
DE Ol 
HL 10 
SP ll 


The first n operand after the op code is the low order 
byte of (nn). 


M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 


Condition Bits Affected: None 


Example: 


If Address 2130H contains 65H and address 2131M contains 
78H after the instruction 


LD BC, (2130H) 


the BC register pair will contain 7865H. 


LOO 6uIX,) «6Gnn) 


Operation: IXy<(nnt+1}), 1X, < (nn) 
Format: 


Opcode Operands 


LD IX, (nn) 


Ah rere 


Description: 


The contents of the address (nn) are loaded into the low 
order portion of Index Register IX, and the contents of 
the next highest memory address (nn+l) are loaded into 
the high order portion of IX. The first n operand after 
the op code is the low order byte of nn. 

M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 
Condition Bits Affected: None 


Example: 


If address 6666H contains 92H and address 6667H contains 
DAH, after the instruction : 


LD IX, (6666H) 


the Index Register IX will contain DA92H. 


LD IY, (nn 


Operation: IV¥yy<(nnt+1), IY, < (nn) 
Format: 


Opcode ~ Operands 


LD LY, (nn) 


sede, Sk aes Ue il. 20h oul FD 


D 0-0: h20:- 8 2A 


cV3n—_—ees .OSSo—-P) 
La 
LE AAR 


eee 1) 


Description: 

The contents of address (nn) are loaded into the low _ 
order portion of Index Register IY, and the contents of 
the next highest memory address (nn+l) are loaded into 
the high order portion of IY. The first n operand after 
the op code is the low order byte of nn. 

M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 
Condition Bits Affected: None 

Example: 


If address 6666H contains 92H and address 6667H contains 
DAH, after the instruction 


LD LY, (6666H) 


the Index Register IY will contain DA9Z2H. 


LD (nn), HL 


Operation: (nnt+1)<H, (nn) <L 


Format: 
Opcode Operands 
LD (nn) ,HL 


OO 1 0r 0 0). te 22 


jeer [ne 


Description: 


The contents of the low order portion of register pair 
HL (register L) are loaded into memory address (nn), and 
the contents of the high order portion of HL (register 
H) are loaded into the next highest memory address 
(nn+l). The first n operand after the op code is the 
low order byte of nn. 


M CYCLES: 5 T STATES: 16(4,3,3,3,3) 4 MHZ E.T.: 4.00 
Condition Bits Affected: None 
Example: 


If the content of register pair HL is 483AH, after the 
instruction ai 


LD (B229H),HL 


address B229H) will contain 3AH, and address B22AH will 
contain 48H. , 





cr 


LD (nn), dd 


x. 


Operation: (nn+1)<ddy, (nn) <—dd, 


Format: 

Opcode ‘ Operands 

LD (nn) ,dd 
PT « 

DECODER 
Oo ; 
ee oo 

Description: 


The low order byte of register pair dd is loaded ‘into 
memory address (nn); the upper byte is loaded into 
memory address (nnt+l). Register pair dd defines either 
BC, DE, HL, or SP, assembled as follows in the object 
code: 


Pair dd 
BC 00 
DE 01 
HL 10 
SP Tt 


The first n operand after the op code is the low Order 
byte of a two byte memory address. 


M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 


Condition Bits Affected: None 


Example: 


If register pair BC contains the number 4644H, the 
instruction 


LD (1000H),BC 


will result in 44H in memory location 1000H, and 46H in 
memory location 1001H. 


LD (nn), |X 


Operation: (nnt1) < 1X, (nn) < 1X 


Format: 
Opcode Operands 
LD (nn) ,IX 


ales ois Se ae er 2 


ef Oe sO Oy OPO. at 30 22 


Description: 


The low order byte in Index Register IX is loaded into 
memory address (nn); the upper order byte is loaded into 
the next highest address (nn+l). The first n operand 
after the op code is the low order byte of nn. 

M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 
Condition Bits Affected: None 


Example: 


If the Index Register IX contains 5A30H, after the 
instruction 


LD (4392H),1IX 


memory location 4392H will contain number 30H and 
location 4393H will contain 5AH. Po 


LD (nn), IY 


Operation: (nnt1)<IYy, (nn) <tYy 


Format: 
Opcode ) Operands 
LD (nn) ,1Y 


Eee hd ed Od FD 


0-0: P7000. lO 22 


Description: 


The low order byte in. Index Register IY is loaded into 
memory address (nn); the upper order byte is loaded into’ 
memory location (nn+l). The first n operand after the 
op code is the low order byte of nn. 


M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 
Condition Bits Affected: None 
Example: 


If the Index Register IY contains 4174H after the 
instruction 


LY (8838H),IY 


' 


memory location 8838H will contain number 74H and memory 
location 8839H will contain 41H. 


LD SP, HL 


Operation: SP<HL 


Format: 
Opcode ' Operands 
LD SP,HL 
111414140 0 1 FQ 


Description: 


The contents of the register pair HL are loaded into the 
Stack Pointer SP. 


M CYCLES: 1 T STATES: 6 4 MHZ E.T.: 1.50 
Condition Bits Affected: None 
Example: 


If the register pair HL contains 442EH, after the 
instruction 


LD SP,HL 


the Stack Pointer will also contain 442EH, 


LD SP, Ix 


Operation: SP<IX 
Format: 


Opcode © Operands 


LD SP,1X 


La eT Oh” FQ” 


Description: 


The two byte contents of Index heeteter IX are loaded 
into the Stack Pointer SP. 


M CYCLES: 2 T STATES: 10(4,6) 4 MHZ E.T.: 2.50 
Condition Bits Affected: None 
Example: 


If the contents of the Index Register IX are 98DAH, 
after the instruction 


LD SP,IX 


the contents of the Stack Pointer will also be 98DAH. 


LD SP, IY 


Operation: SP<IY 


Format: 


Opcode Operands 


LD SP,1Y 


My dee de Ee, ew BO eS F9 


Description: 


The two byte contents of Index Register LY are loaded 
into the Stack Pointer SP, 


M CYCLES: 2 ‘T STATES: 10(4,6) 4 MHZ E.T.: 2.50 
Condition Bits Affected: None 

Example: 

If Index Register IY contains the integer A227H, after 
the instruction 


LD SP,1Y 


the Stack Pointer will also contain A227H. 


PUSH qq 


Operation: (SP-2)+qq,_ (SP-1) <qqy 


Format: 
Opcode Operands 
PUSH qq 


£2 og ge Oe Od 


Description: 


The contents of the register pair qq are pushed into the 
external memory LIFO (last-in, first-out) Stack. The 
Stack Pointer (SP) register pair holds the 16-bit 
address of the current "top" of the Stack. This 
instruction first decrements the SP and loads the high 
order byte of register pair qq into the memory address 
now specified by the SP; then decrements the SP again 
and loads the low order byte of qq into the memory 
location corresponding to this new address in the SP. 
The operand qq identifies register pair BC, DE, HL, or 
AF, assembled as follows in the object code: 





Pair aq 
BC 00 
DE Ol 
HL 10 
AF 11 


M CYCLES: 3 T STATES: 11(5,3,3) 4 MHZ E.T.: 2.75 
Condition Bits Affected: _ None 


Example: , 
If the AF register pair contains 2233H and the Stack 
Pointer contains l1007H, after the instruction 


PUSH AF 
memory address 1006H will contain 22H, memory address 


L005H will contain 33H, and the Stack Pointer will 
contain 1005H. 


PUSH Ix 


Operation: (SP-2)<IX,_, (SP-1) —IXy 


Format: 
Opcode Operands 
PUSH Ix 
ioe ae) see ee oe DD 
ser ras a se Fa 6 a E> > 
Description: 


The contents of the Index Register IX are pushed into 
the external memory LIFO (last-in, first-out) Stack, 

The Stack Pointer (SP) register pair holds the 16-bit 
address of the current "top" of the Stack. This 
instruction first decrements the SP and loads the high 
order byte of IX into the memory address now specified 
by the SP; then decrements the SP again -and loads the 
low order byte into the memory location corresponding to 
this new address in the SP, 


M CYCLES: 3 T STATES: 15(4,5,3,3) 4 MHZ E.T.: 3.75 
Condition Bits Affected: None 
Example: 


If the Index Register IX contains 2233H and the Stack 
Pointer contains 1007H, after the instruction 


PUSH IX 
memory address 1006H will contain 22H, memory address 


1O05H will contain 33H, and the Stack Pointer will 
contain 1005H, 


TE 


PUSH IY 


Operation: (SP-2)<1Y;, (SP-1) <!Yy 
Format: | 


Opcode Operands 


‘PUSH IY 


bo te icco-e iso. i es. 


Description: 


The contents of the Index Register IY are pushed into 
the external memory LIFO (last-in, first-out) Stack. 
The Stack Pointer (SP) register pair holds the l6=bit, 
address of the current "top" of the Stack, This 
instruction first decrements the SP and loads the high 
order byte of IY into the memory address now specified 
by the SP; then decrements the SP again and loads the 
low order byte into the memory location corresponding to - 
this new address in the SP. . 


M CYCLES: 4 . T STATES: 15(4,5,3,3) 4 MHZ E.T.: 3.75 
‘Condition Bits Affected: None 
Example: 


If the Index Register IY contains 2233H and the Stack © 
Pointer contains 1007H, after the instruction 


PUSH IY 
memory address 1006H will contain 22H, memory address 


1005H will contain 33H, and the Stack Pointer will 
contain 1005H. 


POP 


Operation: qaqyy<«(SP+1), qq < (SP) 
Format: 
Opcode Operands 


POP qq 


bd) 2, COP Od 


Description: 


The top two bytes of the external memory LIFO (last-in, 
first-out) Stack are popped into register pair qq. The 
Stack Pointer (SP) register pair holds the 16-bit 
address of the current "top" of the Stack. This 
instruction first loads into the low order portion of 
qq, the byte at the memory location corresponding to the 
contents of SP; then SP is incremented and the contents 
of the corresponding adjacent memory location are loaded 
into the high order portion of qq and the SP is now 
incremented again. The operand qq identifies register 
pair BC, DE, HL, or AF, assembled as follows in the 
object code:. 


Pair c 
BC 00 
DE Ol 
HL 10 
AF kl 


M CYCLES: 3 T STATES: 10(4,3,3) 4 MHZ E.T.: 2.50 


Condition Bits Affected: None 


ele 


Example: 


If the Stack Pointer contains l10O00H, memory location 
-1000H contains 55H, and location 1O0O1H contains 33H, the 
instruction . 


\ 


POP HL 


will result in register pair HL containing 3355H, and 
the Stack Pointer containing 1002H. 


POP Ix 


Operation: IX, « (SP+1), 1X, < (SP) 


Format: 
Opcode Operands 
POP IX 
12017 1 0 1) oD 
Ed, ORs OO EL 
Description: 


The top two bytes of the external memory LIFO (last-in, 
first-out) Stack are popped into Index Register IX. The 
Stack Pointer (SP) register pair holds the 16-bit 
address of the current "top" of the. Stack, This 
instruction first loads into the low order portion of Ix 
the byte at the memory location corresponding to the 
contents of SP; then SP is incremented and the contents 
of the corresponding adjacent memory location are loaded 
into the high order portion of IX. The SP is now 
incremented again, 


M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T.: 3.50. 
Condition Bits Affected: None 

Example: 

If the Stack Pointer contains 1000H, memory location 
1000H contains 55H, and location LOOILH contains 33H, the 
instruction 


POP Ix 


will result in Index Register IX containing 3355H, and 
the Stack Pointer containing 1002H. 


POP IY 


Operation: IY < (SP+1), 1Y¥,_ < (SP) 


Format: 
| Opcode Operands 
POP TY 
Dos oe ike Gl Oth FD 
[2 oO OO fF 
Pesce spe tous 


The top two bytes of the external memory LIFO (last-in, 
first-out) Stack are popped into Index Register IY. The 
Stack Pointer (SP) register pair holds the 16-bit 
address of the current "top" of the Stack. This 
instruction first loads into the low order portion of IY 
the byte at the memory location corresponding to the 
contents of SP; then SP is incremented and the contents 
of the corresponding adjacent memory location are loaded 
into the high order portion of IY. The SP is now 
incremented again. 


M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T.: 3.50 
Condition Bits Affected: © None 
Example: 


If the Stack Pointer contains 1000H, memory location 
1000H contains 55H, and location 1001H contains 33H, the 


tan 
instructison 


POP LY 


will result in Index Register LY containing 3355H, and 
the Stack Pointer containing 1002H. 


-EXCHANGE, BLOCK TRANSFER AND SEARCH GROUP- 


fo mel 


QD 


=X. We; Fi 


“Operation: DE + HL 


Format: 
Opcode Operands 
EX DE, HL 
UT Se ede Oe POs OLE EBs, 
Description: 


The two-byte contents of register pairs DE and HL are 
exchanged, 


~ M CYCLES: 1 T STATES: 4 £4 MHZ E.T.: 1.00 
Condition Bits Affected: None 


Example: 


If the content of register pair DE is the number 282245 
and the content of the register pair HL is number 499AH, 
after the instruction 


EX DE,HL 


the content of register pair DE will be 499AH and the 
content of register pair HL will be 2822H. 


EX AF, AP’ 


Operation: AFAF 


Format: 
Opcode Operands. 
EX AF,AF’ 
10 000310 0 0{] 08 
| Description: 


- 


The two-byte contents of the register pairs AF and AF’ 
are exchanged, (Note: register pair AF” consists of 
registers A” and F’”,) 


M CYCLES: Ll T STATES: 4 4 MHZ E.T.: 1.00 
Condition Bits Affected: » None 


Example: 

If the content of register pair AF is number 9900H, and 
the content of register pair AF” is number 5944H, after 
the instruction 


EX AF,AF’ 


the contents of AF will be 5944H, and the contents of 
AF’ will be 9900H. 


=X 


Operation: (BC) + (BC’), (DE) ~ (DE’), (HL) + (HL’) 
Format: 
Opcode Operands 


EXX 


Ve 2, De Sh O30, D9 


Description: 
Each two-byte value in register pairs BC, DE, and HL is 


exchanged with the two-byte value in BC”, DE’, and HL’, 
respectively. , 


M CYCLES:. 1 T STATES: 4 £4 MHZ E.T.: 1.00 
Condition Bits Affected: None 


Example: 


If the contents of register pairs BC, DE, and HL are the 
numbers 445AH, 3DA2H, and 8859H, respectively, and the 
contents of register pairs BC”, DE’, and HL’ are 0988H, 
9300H, and OOE7H, respectively, after the instruction 


EXX 
the contents of the register pairs will be as follows: 


BC: 0988H; DE: 9300H; HL: OOE7H; BC’: 445AH; DE’: 3DA2H; 
and HL’: 8859H. 


EX (SP), HL 


Operation: H«(SP+1), L + (SP) 
' Format: 
Opcode : Operands 


EX (SP) ,HL 


de 21. oe AO. <0" 30h: - hd BS 


Description: 


The low order byte contained in register pair HL is 
exchanged with the contents of the memory address 
specified by the contents of register pair SP (Stack 
Pointer), and the high order byte of HL is exchanged 
with the next highest memory address (SP+1l)., 


M CYCLES: 5 T STATES; 19(4,3,4,3,5) 4 MHZ E.T.: 4.75 


Condition Bits Affected: None 


Example: 


If the HL register pair contains 7012H, the SP register 
pair contains 8856H, the memory location 8856H contains 
the byte L1H, and the memory location 8857H contains the 
byte 22H, then the instruction 


EX (SP),HL 


will result in the HL register pair containing number 
Z2iit, memory Location 8856H containing the byte 12H, 
the memory location 8857H containing the byte 70H and 
the Stack Pointer containing 8856H. 


=X (SP), Ix 


Operation: 1X, (SP+1), IX, + (SP) s 
Format: : 
‘Opcode Operands 


EX (SP) ,1X 


Description: 


The low order byte in Index Register IX is exchanged 
with the contents of the memory address specified by the 
contents of register pair SP (Stack Pointer), and the 
high order byte of IX is exchanged with the next highest 
memory address (SP+l). 


M CYCLES: 6 T STATES: 23(4,4,3,4,3,5) 4 MHZ E.T.: 5.75 
. Condition Bits Affected: None 


Example: 


If the Index Register IX contains 3988H, the SP register 
‘pair contains O1LO00OH, the memory location O100H contains 
the byte 90H, and memory location O101H contains byte 
48H, then the instruction 


EX (SP) ,1IX 


will result in the IX register pair containing number 
4890H, memory location O1LOOH containing 88H, memory 
location O1O1H containing 39H and the Stack Pointer 
containing O1OOH. 


EX (SP), IY 


Operation: !¥ y+ (SP+1), IY, + (SP) 
Format: 
Opcode Operands 


EX CSP) 71y 


ane ie Ge er ee 


Description: 


The Low order byte in Index Register IY is exchanged 
with the contents of the memory address specified by the 
contents of register pair SP (Stack Pointer), and the 
high order byte of IY is exchanged with the next highest 
memory address (SP+l). 


M CYCLES: 6 T STATES: 23(4,4,3,4,3,5) 4 MHZ E.T.: 5.75 
Condition Bits Affected: None 


Example: 


If the Index Register IY contains 3988H, the SP register 
pair contains O100H, the memory location O0100H contains 
the byte 90H, and memory location O1OI1LH contains byte 
48H, then the instruction 


EX: (SP) 41% 


will result in the IY register pair containing number 
4890H, memory location O1OOH containing 88H, memory 
location O1OILH containing 39H, and the Stack Pointer 
containing O100H. 


_DI| 


Operation: 





Format: 








Description: 





(DE) — (HL), DE + DE+1, HL~HL+1, BC + BC-1 


Operands 


bre Oey -ld AO  E 


| ame 0 ees 0) aes 3 0 a 6) AQ 


A byte of data is transferred from the memory location 
addressed by the contents of the HL register pair to the 
memory location addressed by the contents of the DE 


register pair. 


Then both these register pairs are 


incremented and the BC (Byte Counter) register pair is 


decremented. 


IM CYCLES: 4 


STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


S: 


tlot affected 
lot affected 
Reset 

Set if BC-1#40; 


reset otherwise 


Reset 
Not affected 


Example: 


If the HL register pair contains IL1LL1H, memory location 
LLL1LH contains contains the byte 88H, the DE register 
pair contains 2222H, the memory location 2222H contains 
byte 66H, and the BC register pair contains 7H, then the 
instruction 


LDI 


will result in the following contents in register pairs 
and memory addresses: 


HL : LL12H 
(1l1114H) H 88H 
DE : 222348 
(22Z2H) 93 8 8H 
BC’ $ 6H 


_DIR 


Operation: (DE) +(HL), DE -~DE+1, HL<~HL+1., BC + BC-1 
Format: 
Opcode Operands 


LDIR 


Description: 


This two byte instruction transfers a byte of data from 
the memory location addressed by the contents of the HL 
register pair to the memory location addressed by the DE 
register pair. Then both these register pairs are 
incremented and the BC (Byte Counter) register pair is 
decremented. If decrementing causes the BC to go to 
“zero, the instruction is terminated. If BC is not zero 
the program counter is decremented by 2 and the 
instruction is repeated. Interrupts will be recognized 
and two refresh cycless will be executed after each data 
transfer. Note that if BC is set to zero prior to 
instruction execution, the instruction will loop through 
64K bytes. 


For BC #0: 
M CYCLES: 5 T STATES: 21(4,4,3,5,5) MHZ Bat .2- 5.25 


For BC=z=0: 


M CYCLES: 4 T STATES :. 160445355) 4 MHZ E.T.: 4.00 


Condition Bits 


Example: 


Affected: 


Not affected 
Not affected 
Reset 
Reset 
Reset 
Not affected 


If the HL register pair contains 1L111H, the DE register 
pair contains 2222H, the BC register pair contains 


0003H, 
(LLII1H) 
(1112H) 
(1L113H) 

then after the 


LDIR 


the contents of 
be: 


1114H 
2225H 


HL 
DE 
BC 


(1111H) 
(1112H) 
(1113H) 


and memory locations have these contents: 


88H (2222H) 66H 
36H (22230) .2. 59H. 
A5H (2224H) C5H 


execution of 


register pairs and memory locations will 


0000H” 


88H (2222H) : 88H 
36H (2223H) : 36H 
ASH (2224H) : ASH 


ny7”a 


_DD 


Operation: (DE)+(HL), DE+DE-1, HL<HL-1, BC+ BC-1 


Format: 
Opcode ' Operands 
LDD 


LQ: Ol! ee A8 


Descripttion: 


This two byte instruction transfers a byte of data from 
the memory location addressed by the contents of the HL 
register pair to the memory location addressed by the 
contents of the DE register pair. Then both of these 
register pairc including the BC (Byte Counter) register 
pair are decremented, 


M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


S: Not affected 
Zz: Not affected 
H: Reset 


P/V: | Set if BC-1¥0; 
reset otherwise 
N: Reset 
C: Not affected 


Example: 


If the HL register pair contains I1LLH, memory location 
“LILLH contains the byte 88H, the DE register pair 
contains 2222H, memory location 2222H contains byte 66H, 
and the BC register pair contains 7H, then the 
instruction 


LDD 


will result in the following contents in register pairs 
and memory addresses: 


HL : 1LL1OH 
(LL11LH) : 88H 
DE : 22218 
(22228) : 88H 
BC. -: 6H 


~_DDR 


Operation: (DE) + (HL), DE <«~DE-1, HL<+HL-1, BC<BC-1 
Format: 


Opcode Operands 


LDDR 


he Oks So. AO 0 B8 


Description: 


This two byte instruction transfers a byte of data fron 
the memory location addressed by the contents of the HL 
register pair to the memory location addressed by the 
contents of the DE register pair. Then both of these 
registers as well as the BC (Byte Counter) are 
decremented. If decrementing causes the BC to go to 
zero, the instruction is terminated. If BC is not zero, 
the program counter is decremented by 2 and the 
instruction is repeated. Interrupts will be recognized 
and two refresh cycless will be executed after each data 
transfer. Note that if BC is set to. zero prior to 


instruction execution, the instruction will loop through 
64K bytes. 


For BC#0: 

M CYCLES: 5 T STATES: 21(4,4,3,5,5) 4 MHZ E.T.: 5.25 
For BC=0. 

M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 
C ition Bits Affec : 

Not affected 

Not affected 

Reset | 


Reset 
Reset 


=a2aamNMNM 


ar 


Example: 


If the HL register pair contains 1L114H, the DE register 
pair contains 2225H, the BC register pair contains 
0003H, and memory locations have these contents: 


(11148) 
(1113H) 
(11128) 


ASH (2225H) : CSH 
36H (2224H) : 59H 
88H (2223H) : 66H 


then after the execution of 


LDDR 


be: 


HL : lL1ilH 
DE : 2222H 
BC ;: 0000H 


(1114H) : ASH 
(L113H) : 36H 
(1112H) : 88H 


the contents of register pairs and memory locations will 


(2225H) : ASH 
(2224H) : 36H 
(2223H) : 88H 


ne 


CPI 


Operation: A-(HL), HL«~HL+1, BC <«BC-1 


Format: 


Opcode Operands 


CPI 


Description: 


The contents of the memory location addressed by the HL 
register pair is compared with the contents of the 
Accumulator. In case of a true compare, a condition bit 
is set. Then HL is incremented and. the Byte Counter 
(register pair BC) is decremented. 


M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 
Condition Bi Affected: 
S: Set if result is negative; 
reset otherwise 
Z: Set if A=(HL); 
reset otherwise 
H: Set if borrow fron 
Bit 4; reset otherwise 
P/V: Set if BC-140; 
reset otherwise 
N:- Set 


Cs Not affected 


Example: 


If the HL register pair contains L1L11H, memory location 
L1l1H contains 3BH, the Accumulator contains 3BH, and 
the Byte Counter contains QOOO1H, then after the 
execution of 


CPL 


the Byte Counter will contain OOOOH, the HL register 
pair will contain 1112H, the Z flag in the F register 
will be set, and the P/V flag in the F register will be 
reset. There will be no effect on the contents of the 
Accumulator or address lL111H, . . 


An 


CPIR 


~ 


Operation: A-(HL), HL<HL+1, BC<BC-1 


Format: 


Opcode | Operands 
CPIR 


11310214210 217 «=€D 


101310001; «~&Bi 


Description: 


The contents of the memory location addressed by the HL 
register pair is compared with the contents of the 
Accumulator. In cdse of a true compare, a condition bit 
is set. The HL is incremented and the Byte Counter 
(register pair BC) is decremented. If decrementing 
causes the BC to go to zero or if A=(HL), the 
instruction is terminated. If BC is not zero and 
AZ(HL), the program counter is decremented by 2 and the 
instruction is repeated. Interrupts will be recognized 
and two refresh cycles will be executed after each data 
transfer. Note that if BC is set to zero before 
instruction execution, the instruction will loop through 
64K bytes, if no match is found. 


For BC#40 and A#(HL): 
M CYCLES: 5 T STATES: 21(4,4,3,5,5) Y MHZ E.T.: 5.25 
For BC#0 or A#=(HL):;: 


M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


S: Set if result is nee er eve: 
reset otherwise 
2: Set if A#=(HL); 
reset otherwise 
H: Set if borrow from 
Bit 4; reset otherwise 
P/V: - Set if BC-1#0; 
reset otherwise 
N: Set 
C;: Not affected 


Example: 


If the HL register pair contains 1111H, the Accumulator 
contains F3H, the Byte Counter contains Q0Q007H, and 
memory locations have these contents: 


(LLLIH) : 52H 
(1112H) : OOH 
(1113H) : F3H 


then. after the execution of 

CPIR 
the contents of register pair HL will be L1L14H, the 
contents of the Byte Counter will be OO04H, the P/V flag 


in the F register will be set and the Z flag in RHE F 
register will be set. 


CPD 


Operation: A-(HL), HL<HL-1, BC~BC-1 


Format: 
Opcode Operands 
CPD 


at Ss, cake Oe ake oe 5) of ED 


1 0.1.0 1.0.0.1]. Ad 


“Description: 


The contents of the memory location addressed by the HL 
register pair is compared with the contents of the ; 
Accumulator. In case of a true compare, a condition bi 
is set. The HL and the Byte Counter (register pair BC) 
are decremented. 


M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 

Z3 Set if A*=(HL); 
reset otherwise 


H: Set if borrow from 
Bit 4; reset otherwise 
P/V; Set if BC+140; 
reset otherwise 
N: Set 
Cs Not affected 


Example: 


If the HL register pair contains LI11H, memory location 
LLL1H contains 3BH, the Accumulator contains 3BH, and 
the Byte Counter contains QOO1H, then after the 
execution of 


CPD 


the Byte Counter will contain OOOOH, the HL register 

' pair will contain lI1OH, the Z flag in the F register 
will be set, and the P/V flag in the F register will be 

reset. There will be no effect on the contents of the 


Accumulator or address LII1I1H. 


CPDR 


Operation: A-(HL), HL<HL-1, BC < BC-1 


Format: 
Opcode Operands 
CPDR 


dee Yt eG de tO a ED 


10141100314] 89 


Description: 


The contents of the memory location addressed by the HL 
register pair is compared with the contents of the 
Accumulator. In case of a true compare, a condition bit 
is set. The HL and BC (Byte Counter) register pairs are 
decremented. If decrementing causes the BC to go to 
zero or if AS(HL), the instruction is terminated. If BC 
is not zero and A#(HL), the program counter is 
decremented by 2 and the instruction is repeated. 
Interrupts will be recognized and two refresh cycless 
will be executed after each data transfer. Note that if 
BC is set to zero prior to instruction execution, the 
instruction will loop through 64K bytes, if no match is 
found. 


for BC#0 and A#(HL): 
M CYCLES: 5 T STATES: 21(4,4,3,5,5,) 4 MHZ E.T.: 5.25 
For BC=#0 or A#(HL): 


M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 


Condition Bits 


Example: 


Affected: 


Set if result is negative; 
reset otherwise , 

Set if A=(HL); 

reset otherwise 

Set if borrow from 

Bit 4; reset otherwise 

Set if BC-140; 

reset otherwise 

Set 

Not affected 


If, the HL register pair contains 1118H, the Accumulator 


contains F3H, 


the Byte Counter contains Q007H, and 


memory locations have these contents: 


(1118H) : 
(LLI7H) : 
(1LL16H) : 


then after the 


CPDR 


5:20 
00H 
F3H 


execution of 


the contents of register pair HL will be ILI15H, the 
contents of the Byte Counter will be OO04H, the P/V flag 
in the F register will be set, and the Z flag in the F 
registcr will be set. 


-8 BIT ARITHMETIC AND LOGICAL GROUP- 


TNE 


ADD A, 5 


Operation: A«+Atr 


Fornat: 
Opcode Operands 
ADD Ar 


1000 0r— 


Description: 


The contents of register r are added to the contents of 
the Accumulator, and the result is stored in the 
Accumulator, The symbol r identifies the registers 
A,B,C,D,E,H or L assembled as follows in the object 
code: 


Register r 
A iit 
B 000 
C 001 
D 010 
E 011 
H 100 
L 101 


M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: 


8: Set if result is negative; 
reset otherwise 

Z3 Set if result is zero; 
reset otherwise | 

H: Set if carry from 


Bit 3; reset otherwise 
P/V: Set if overflow; 
reset otherwise 
N: Reset 
C: Set if carry from 
Bit 7; reset otherwise 


Example: 


If the contents of the Accumulator are 44H, and the 


contents of register C are 11H, after the execution of 


ADD A,C 


the contents of the Accumulator will be 55H. 


ADD A, n 


Operation: A«+Atn 


Format: 
Opcode Operands 
ADD A,n 


be DO: OO. t.. ® C6 


www Qa... 


Description: 


The integer n is added to the contents of the 
Accumulator and the results are stored in the . 
Accumulator, 


M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 
reset otherwise 

H: Set if carry fron 


Bit 3; reset otherwise 
P/V: Set if overflow; 
reset otherwise 
N:: Reset 
C: Set if carry from 
Bit 7; reset otherwise 


Example: 


If the contents of the Accumulator are 23H, after the 
‘execution of 


ADD A,33H 


the contents of the Accumulator will be 56H. 


ADD A, (CHL) 


Operation: A«A+(HL) 
Fornat: 
Opcode Operands 


ADD A, (HL) 


DOC 08 0% 202) SI” aD 36) 86 


Description: 

The byte at the memory address specified by the contents 
of the HL register pair is added to the contents of the 
Accumulator and the result is stored in the Accumulator, 
M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75 
Condition Bits Affected: 


S Set if result is negative; 


reset otherwise 

Z3 Set if result is zero; 
reset otherwise 

H: Set if carry from 


Bit 3; reset otherwise 
P/V: Set if overflow; 
reset otherwise 
N: Reset 
C;: Set if carry from 
Bit 7; reset otherwise © 


Example: 

If the contents of the Accumulator are AOH, and the 

content cf the register pair HL is 2323, and memory 

- location 2323H contains byte O8H, after the execution of 
ADD A, (HL) 


the Accumulator will contain A8H. 


ADD A, UxX+d) 


Operation: A+A+ (IX+d) 


Format: 
Opcode Operands 


ADD A, (IX+d)- 


EP Oe. a! ok: a8 41 DD 


Description: 


The contents of the Index Register (register pair IX) is 
added to a two’s complement displacement d to point to 
an address in memory. The contents of this address is 
then added to the contents of the Accumulator and the 
result is stored in the Accumulator. 


M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 
% Z: Set if result is zero; 


reset otherwise 


H: Set if carry from 
Bit 3; reset otherwise 
P/V: Set if overflow; 
reset otherwise 
N: Reset 
C: Set if carry from 


‘Bit 7; reset otherwise 
Example: 


If the Accumulator contents are L1H, the Index Register 
IX contains 1000H, and if the content of memory location 


1005H is 22H, after the execution of 
“ADD A, (IX+5H) 


the contents of the Accumulator will be 33H. 


ADD A, UyY+d) 


Operation: A«<A+(lY+d) 
Format: 
Opcode Operands 


ADD. A, (LY¥+d) 


N 


Description: 


The contents of the Index Register (register pair IY) is 
added to a two’s complement displacement d to point to 
an address in memory. The contents of this address is 
then added to the contents of the Accumulator and the 
result is stored in the Accumulator. 


M CYCLES: 5 T STATES: 19(4,4,3,5,3). 4 MHZ E.T.: 4.75, 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 
2: Set. if result is zero; 
reset otherwise 
H: Set if carry from 
_ Bit 3; reset otherwise 
P/V: Set if overflow; 
reset otherwise 
N: Reset o 
C: Set if carry from bit 7; 


reset otherwise 


Example: 


If the Accumulator contents are 11H, the Index Register 
pair IY contains LOOOH, and if the content of memory 


location 1005H is 22H, after the execution of 
ADD A, (IY+5H) 


the contents of the Accumulator will be 33H. 


ADC A, s 


oneraeiee A-A+s+CyY 
Format: 
Opcode Operands 
ADC A,s 
The s operand is any of r,n,(HL),(IX+td) or (IY+d) as 
defined for the analogous ADD instruction. These 


various possible opcode-operand combinations are 
assembled as follows in the object code: 


ADC A,r 1000 1+—r*—~> 
ates ee 
ADC A, (HL) 100.0: Ord a]! “BE 
ADC A, (I1X+d) desde Oe ah 7 st 2d DD 
POs 30.30 Ack bo 8E 
———— 
ADC A, (1Y+d) do Ae. SAY dos Ae ale Uh ah FD 


ry 
Oo 


LO! 0s 0) 8E 


| 


*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 


a14a6r 


Register v 


000 
001 
010 
O11 
100 
101 
lll 


rrmmonlo 


Description: 


The s operand, along with the Carry Flag ("C" in the F 
register) is added to the contents of the Accunulator, 


and the result is stored in the Accumulator. 


INSTRUCTION M CYCLES T STATES 
ADC A,r l 4 

ADC A,n 2 7(4,;3). 

ADC A, (HL) a 7(4,3) 

ADC A, (1X+d) 5 £9(4,4,345) 
ADC A, (LY+d) 5 19(4,4,3,5, 


Condition Bits Affected: 


$3 Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 
reset otherwise 

1 Set if carry from 


- Bit 3; reset otherwise 
P/V: Set if overflow; 

reset otherwise 

Reset 

Set if carry from 

Bit 7; recet otherwise 


az 


Example: 


4 MHZ E.T. 


1.00 
Diet 
1.75 
4.75 
4,75 


If the Accumulator contains 16H, the Carry Flag is set, 
the HL register pair contains 6666H, and address 6666H 


contains IOH, after the execution of 
ADC A,(CHL) 


the Accumulator will contain 27H. 


114 


UB s 


Operation: A-A-s 
Format: 
Opcode Operands 
SUB Ss 
The s operand is any of r,n,(HL),(IX+td) or (IY+d). as 
defined for the analogous ADD instruction, These 


various possible opcode-operand combinations are 
assembled as follows in the object code: 


u 


SUB r BO) Oe A 

SUB n Pa 70" 1 Os OP te 
Pee eee 

SUB (HL) 10010211 0] 9 

SUB (1x+d) She 0", ae ae de Oe DD 
nOGEOneC Ie 
ae 

SUB (LY+d) dee sh, Wo TEE als a Sa FD 


al 


fan) 
Oo 
— 
o 
— 
— 
fan) 


96 


| 


*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 


Register a 
B 000 
C oxee 
D 010 
E Olt 
4 100 
L 101 
A lll 


Description: 
The s operand is subtracted from the contents of the 
Accumulator, and the result-is stored in the 


Accumulator. 


INSTRUCTION  “M CYCLES T STATES — 4 MHZ E.T. 


SUB fr 1 4 1.00 
SUB n 2 7(4,3) 1.75 
SUB (HL) 2 7(4,3) , be 75 
SUB (IX+d) 5 19(¢4,4,3,5,3) 4.75 
SUB (IY+d) 5 19(4,4,3,5,3) 4.75 
Condition Bits Affected: 
S: Set if result is negative; 
reset otherwise 
Z: Set if result is zero; 
reset otherwise 
H: Set if borrow from 
Bit 43; reset otherwise 
P/V: Set if overflow; 
reset otherwise 
N: Set 
Cs Set if borrow; 


reset otherwise 
Example: 


If the Accumulator contains 29H and register D contains 
L1H, after the execution of | 


SUB D 


the Accumulator will contain 18H. 


SBC A, s 


Operation:: A~A-s-CY . 
Format: 


Opcode ' Operands 


SBC A,s 


The s operand is any of r,n,(KL),(IXtd) or (LI1Y+d) as 
defined for the analogous ADD instructions. These 
various possible opcode-operand combinations are 
assembled as follows in the object code: 


SBC A,r 10.0 i ty 
SBC A,n tO I 2 ao | Be 
Dh OO TT") 
one: Ay CUE) 5 OP 0 Oa. Ot) OE 
SBC A, (1X+d) a ee eae ae aT 


ioe eae 9 ee Ga ae aa ee 9E 


SBC A,(LY+d) | ee) aes ams Sea cana eae Oa FD . 


1 


(jo) 
(j=) 
i 
rm 
~ 
me 
jo) 


DE 
—_—$ 


*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 


Register . rE 
B 000 
Cc ool 
D 010 
E O1ll 
H 100 
L LOL 
A LL 


Description: 


‘The s operand, along with the Carry Flag ("C" in the Fo 


register) is subtracted from the contents of the, 
Accumulator, and the result is stored in the 


Accumulator. 


INSTRUCTION M CYCLES T STATES 


4 MHZ E.T. 


SBC A,r l 4 1.00 
SBC’ A,n 2 7(4,3) 1.75 
“SBC A, (HL) 2 7(4,3) #5 
SBC A,(IX+d) 5 19(4,4,3,5,3) 4.75 
SBC A,(IY+d) 5 19(4,4,3,5,3) 4.75 
Condition Bits Affected: 
S: Set if result is negative; 
reset otherwise 
os Set if result is zero; 
‘reset otherwise 
H: Set if borrow from 
Bit 43; reset otherwise 
P/V: Sect if overflow; 
reset otherwise 
N: Set 
C: Set if borrow; 


reset otherwise 
Example: 
If the Accumulator contains L6H, the 
the HL register pair contains 34331, 
contains OSH, after the execution of 


SBC A, (HL) 


the Accumulator will contain IOH. 


carry flag is set’, 


and address 


3433H 


AND s 


Operation: AAAs 
Format: 
Opcode Operands 
AND s 
The s operand is any of r,n,(HL),(IX+d) or (I1Y+d), as 
defined for the analogous ADD instructions. These 


various possible opcode-operand combinations are 
assembled as follows in the object code: 


AND r i 0 1 06 


68 cere Airmen 
AND n dy A Pt, Be, as £6 
<<<) 
AND (HL) 20s als. 10s: SO-= We - e* A6 
AWD (IX+d) To dee de ae FE te) DD 


Fe OD oe SDE ON Ae ala) A6 


AND (LY+d) Cadi ad he, TED 


A6 





*r identifies registers 32B,C,D,c,i,L or A assembled as 
follows in the object code field above: 


Register 


Jn 


000 
001 
010 
Oil 
100 
101 
111 


rrmmonN w 


Description: 


A logical AND operation is performed between the byte 
specified by the s operand and the byte contained in the 
Accumulator; the result is stored in the Accumulator. 


INSTRUCTION M CYCLES T STATES 4 MHZ E.T. 
AND r l 4 1.00 
AND n 2 7(4,3) ber 
AND (HL) 2 7(4,3) ee: 
AND (1X+d) 5 19¢4,453455.3) 4.75 
AND (1X+d) 5 1965643959) 47S 


Condition Bits Affected: 


Ss Set if result is negative; 
reset otherwise 
Z: Set if result is zero;3 
reset otherwise 
H: Set 
P/V: Set if parity even; 


reset otherwise 

N: Reset 

Cz Reset 
Example: 
If the B register contains 7BH (Ol11 1011) and the . 
Accumulator contains C3H (1100 OOI11) after the execution 
of. 

AND B 


the Accumulator will contain 43H (OL000011). 


JR 


Operation: A+AVS 
Format: 
Opcode Operands 
OR s. 
The s operand is any of r,n,(HL) , (1X+d) or (IY+d), as 
defined for the analogous ADD instructions. These 


various possible opcode-operand combinations are 
assembled as follows in the object code: 


OR -t* 10314i10w—=—_— 
OR n be Gnee ees e | oa ¢) F6 
cat Pe 
OR (HL) de de A A a B6 
OR (IX+d) des AO ey + 20y , t 0D 
| ae 6 as Cee | 0 ee oe 8) B6 
: —_— 6 ——— 
OR (LY+d) ses ea aes an es a | FD 


— 
- 
— 
_ 
oO 
- 
~ 
Ou, 
Lee] 
Oo 


| 


kr identifies registers B,C,D,E,H,L or A assembled as 
‘follows in the object code field above: 


Register 


\" 


000 
001 
010 
Oll 


101 
111 


rrmmonw 


Description: 


A logical OR operation is performed between the byte 
specified by the s operand and the byte contained in the 
Accumulator; the result is stored in the Accumulator. 


INSTRUCTION . M CYCLES T STATES 4 MHZ E.T. 
OR r l 4 1.00 
OR n 2 3 7(4,3) i375 
OR (HL) 2 7(4,3) L7s 
OR (IX+d) 5 19(4,4,3,5, 3) 4.75 
OR (LY+d) 5 19(4,4,3,5,3) 4.75 


Condition Bits Affected: 


8: Set if result is negative; 
, reset otherwise 
Zz: Set if result is zero; 
‘reset otherwise 
H: . Reset 


P/V: Set if parity even; 
reset otherwise 

N: Reset 

C: Reset 


Example: 
— ( 


If the H register contains 48H (010001000) and the 
Accumulator contains 12H (00010010) after the execution 
of 

OR H 


the Accumulator will contain SAH (OLOILIOLO). 


XOR s 


Operation: A+A@Ss 


Format: 


Opcode 


XOR 


The.s operand is any of r,n, 
defined for the analogous ADD instructions, 
various possible opcode-operand combinations are 


Operands 


s 


assembled as follows in the object code: 


XOR r 


XOR n 


XOR (HL) 


XOR (1X+d) 


XOR (1Y¥+d) 


*r identifies registers B,C,D,E,H,L or A assembled as 


101 0 


1 0.2 -0 
EP. 0. 
1 0 1 0 


] 
| 


follows in the object code field above: 


(HL),(IX+d) or (IY+d), as 
These 


BE 


AE 
DD 


AE 


FD 


AE 


Register a 
B 000 
C 001 
D 010 
E Oll 
H 100 
L 101 
A lll 


Description: 


A logical exclusive-OR operation is performed between 
the byte specified by the s operand and the byte 
contained in the Accumulator; the result is stored in 
the Accumulator. 


INSTRUCTION M CYCLES T STATES ; 4 MHZ E.T. 
XOR r 1 4 1.00 
XOR n 2 7(4,3) LAD 
XOR (HL) 2 7(4,3) | Rw a Te 
XOR (IX+d) 5 19(454535.95.3) 4.75 
, XOR (1Y+d) 5 1904, $5,35:5%.3) 4.75 


Condition Bits Affected: 


S: Set if result is negative; 


reset otherwise 

Z3 Set if result is zero; 
reset otherwise 

HK: Reset 

P/V: Set if parity even; 

reset otherwise 

N: Reset 

C;: Reset 


Example: 


If the Accumulator contains 96H (1LOOILOL10), after the 
execution of 


XOR SDH ° (Note: SDH = 01011101) 


the Accumulator will contain CBH (11001011). 


TAC 


oF us 


Operation: A-s 


Format: 


Opcode Operands 
CP : s 
The s operand is any of r,n,(HL),(IX+d) or (1Y+d), ‘as 
defined for the analogous ADD instructions, These 


various possible opcode-operand combinations are 
assembled as follows in the object code: 


CP r dS Oe ae Al ee eee 
ds le 3 0 


CP n eas ee es | FE 


cP (HL) iO Gb de, ol? ee 

CP (1X+d) fro ek 2 bo 1, op 
Oe tO) TBE 
aS ae 

CP (1¥+d) 01S a, 21. app 
iO. Von | BE 
———<—$— ¢ ——_—___+ 


*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 


Register 


[nt 


000 
001 
010 
Oll 
100 
101 
111 


rrmmo Ow 


Description: 


The contents of the s operand are compared with the 
contents of the Accumulator. If there is a true 
compare, the Z flag is set. The execution of this 
instruction does not affect the contents of the 
Accumulator. . 


INSTRUCTION M CYCLES T STATES 4 MHZ E.T. 
CP r l 4 1.00 
CP n 2 OGG. Ao :, 1.75 
CP (HL) 2 7(4,3) 1.75 
CP (1X+d) 5 19(4,4,3,5,3) 4.75 
CP (LY+d) 5 19(4,4,3,5,3) 4.75 


Sondition Bits Affected: 


S: Set if result is negative; 
reset otherwise 

Z3 Set if result is zero; 
reset otherwise 

HH: Set if borrdw from 


Bit 4; reset otherwise 
P/V: Set if overflow; 
reset otherwise 
N: Set 
C: Set if borrow; 
reset otherwise 


Example: 

If the Accumulator contains 63H, the HL register pair 
contains 6000H and memory location 6000H contains 60H, 
the instruction 


CP.(HL 


will result in the P/V flag in the F register being 
reset. ‘ 


FAN 


INC r 


Operation: r«r+1 
Format: 
Opcode | Operands 


INC ag 


0 Om—r—=1 0 0 


Description: 


Register r is incremented, r identifies any of the 
registers A,B, C,D,E,H or L, assembled as follows in the 
object code, 


Register r 
111 
000 
001 
010° 
O11 
100 
~101 


rmmoOw PE 


M CYCLES: 1 T STATES: 4 . 4 MHZ E.T.: 1.00 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 

Zz: Set if result is zero; 

: reset otherwise 

H: Set if carry from 


Bit 3; reset otherwise 
P/V: Set if r was 7FH before 
- operation; reset otherwise 
N; Reset 
C: Not affected 


Example: 


If the contents of register D are 28H, after the 
execution of 


INC D 


the contents of register D will be 29H. 


19Nn 


NC 


(FiL) 


Operation: (HL) < (HL)+1 


Format: 
Opcode Operands 
INC (HL) 


Description: 


The byte contained in the address specified by the 
contents of the HL register pair is incremented, 


M CYCLES: 3 T STATES: 11(4,4,3) 4 MHZ E.T.: 2.75 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 

Zi Set if result is zero; 
reset otherwise 

He Set if carry from 
Bit 3; reset otherwise 

P/V: Set if (HL) was 7FH before 

operation; reset otherwise 

N: Reset 


C: Not Affected 
Example: 
If the contents of the HL register pair are 3434H, and 
the contents of address 3434H are 82H, after the 
execution of 


INC (HL) 


memory location 3434H will contain 83H. 


INC txX<+d) 


Operation: (IX+d) < (IX+d)+1 
Format: 
Opcode Operands 


INC ( 1X+d) 


Pike OL TO: DD 


0 0° fF 1-0 4 O08 34 


Description: 


The contents of the Index Register IX (register pair IX) 
are added to a two’s complement displacement integer d 
to point to an address in memory. The contents of this 
address are then incremented, 


M CYCLES: 6 T STATES: 23(4,4,3,5,4,3) 4 MHZ E.T.: 5.75 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 

Z: - Set if result is zero; 
reset otherwise 

H: Set if carry from 


Bit 3; reset otherwise 
P/V: Set if (IX+d) was 7FH before 
operation; reset otherwise 
N: Reset 
C;: Not affected 


Example: 

If the contents of the Index Register pair IX are 2020H, 
and the memory location 2030H contains byte 34H, after 
the execution of 


INC (1X+10H) 


the contents of memory location 2030H will be 35H. 


ING UY+d) 


Operation: (l¥+d)< (l¥+d)+1 


Format: 
Opcode Operands 
INC (1Y¥+d) 
EB? eae AO. =. FD 
0 aie © Ae re i 0 as Ee © Ee 8 34 
————— ¢ ——— > 
Description: 


The contents of the Index Register LY (register pair IY) 
are added to a two’s complement displacement integer d 
‘to point to an address in memory. The contents of this 

address are then incremented, 


M CYCLES: 6 T STATES: 23(4,4,3,5,4,3) 4 MHZ E.T.: 5.75. 


Condition Bits Affected: 


S: Set if result is negative; 
_ “reset otherwise 
Z3 Set if result is zero; 
reset otherwise 
H: | Set if carry from 


Bit 3; reset otherwise 
P/V: Set if (IY+d) was 7FH before 
operation; reset otherwise 
N: Reset 
C; Not Affected 


i 


Example: 

If the contents of the Index Register pair IY are 2020H, 
and the memory location 2030H contain byte 34H, after 
the execution of : 


INC (I1Y+10H) 


the contents of memory location 2030H will be 35H. 


Operation: 


Format: 


m<m-l 


Opcode 


DEC 


DEC m 


Operands 


The m operand is any of r, (HL),(IX+d) or (IY+d), as 
defined for the analogous INC instructions. These 
various possible opcode-operand combinations are 

. assembled as follows in the object code: 


DEC 


DEC 


DEC 


DEC 


(HL) 


(I X+d) 


( 1Y¥+d) 


0 0O—r—1 0 1 


OO? A ae Orr Oe: A 35 


BD 05 a dD oi 0: ND 


Oe hs de OE es gd 35 


| 


pee ee Games Laas ee age ¢ | FD 


0011031041 35 


—<—¢¢ ——__———_ 


*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 


Register 


rommuoaw 


Description: 


[ns 


000 
001 
010 
O11 
100 
101 
Lil 


\ 


The byte specified by the m operand is decremented. 


INSTRUCTION 


DEC r 

DEC (HL) 
DEC’ (IX+d) 
DEC (1Y+d) 


M 


DW Wre 


CYCLES T STATES 


4 

11(4,4,3) 
23(4,4,3,5,4,3) 
23(4,4,3,5,4,3) 


Condition Bits Affected: 


8; 


Example: 


Set if result is negative; 
reset otherwise 


Set if result is zero; 


reset otherwise 

Set if borrow from 

Bit 4, reset otherwise 

Set if m was 80H before 
operation; reset otherwise 
Set 

Not affected 


4 MHZ E.T. 


1.00 


2.75 
ban eae 
S629 


If the D register contains byte 2AH, after the execution 


of 


DEC D 


register D will contain 29H. 


~GENERAL PURPOSE ARITHETIC AND CPU CONTROL GROUPS- 


DAA 


Operation: —— 
Format: 
Opcode 


DAA 


OT 9 ome Haag ro a ae a 1 


Description: 


This instruction conditionally adjusts the Accumulator 
for BCD addition and subtraction operations.. For 
addition (ADD, ADC, INC) or subtraction (SUB, 
SBC,DEC,NEG), the following table indicates the 
operation performed:. 


¢ 4H 
BEFORE BEFORE| 
OPERATION| DAA DAA 


on | 
Pe a 
14 


OF OOP CORPO 
{ 

Ww APO W AO W Iw 

me OOO 


0-9 
0-8 
0-9 
A-F 
9-F 
A-F 
0-2 
0-2 
0-3 


—_- ee OO 





0 
0 
0 
0 
0 
0° 
1 
I 
1 
0 
0 
l 
1 


M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: 


Ss Set if most significant bit 
of Acc. is 1 after operation; 
reset otherwise 


Z3 Set if Acc. is zero after operation; 
reset otherwise 
H: See instruction 
P/V: Set if Acc, is even parity after 
operation; reset otherwise 
N; Not affected 
C: See instruction 


Example: 


If an addition operation is performed between 15 (BCD) 
and 27 (BCD), simple decimal arithmetic gives this 
result: 


But when the binary representations are added in the 
Accumulator according to standard binary arithmetic, 


0001 O101 
+0010. O111 
0011 1100 3C 


‘the sun is anbiguous. The DAA instruction adjusts this 
result so that the correct BCD representation is. 
obtained: 


0011 1100 
+0000 0110 
0100 0010 = 42 


SPL 


Operation: A<A 
Format: 
OQpcode 


CPL 


OF Oo Ae i oe, Al 2F 


Description: 


The contents of the Accumulator (register A) are- 
inverted (1’s complement). 


M CYCLES: 1 T STATES + 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: 


S; Not affected 
Z: Not affected 
7 Set 
P/V: Not affected 
N: Set 


C: Not affected 
Example: 


If the contents of the Accumulator are 1011 0100, after 
the execution of 


CPL 


the Accumulator contents will be O100 1OL1LI. 


TAA 


NEG 


Operation: A<0-A 


Format: 
Opcode 
NEG 


11104110 -1) #=€ED 
0-2 0-0. 0. 4 OOP a4 


Description: 


The contents of the Accumulator are negated (two’s 
complement). This is the same as subtracting the 
contents of the Accumulator from zero. Note that 80H is 
left unchanged. 


M CYCLES: 2 ‘T STATES: 8(4,4) 4 MHZ E.T.: 2.00 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 

bs Set if result is zero; 
reset otherwise 

H: Set if borrow from 


Bit 4; reset otherwise 
P/V: Set if Acc. was 80H before 
‘ operation; reset otherwise 
N: Set 
C: Set if Acc. was not OOH before 
operation; reset otherwise 


Example: 
If the contents of the Accumulator are 


Benes 


after the execution of 
NEG 


the Accumulator contents will be 


ae eae] 


CCF 


Operation: CY<+<CY 


Format: 
Opcode 
CCF 


OO. Sk a a 3 


Description: 
The Carry flag in the F register is inverted. 


M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: 


S: Not affected 
Z3 Not.affected 


H: Previous carry will be copied 
P/V: Not affected 
N; Reset 


C: Set if CY was 0 before 
operation; reset otherwise 


SCF 


Operation: CY<1 
Format: 
Opcode 


SCF 


00-2 102-1. 4 37 


Description: 

The Carry flag in the F register is set. 

M CYCLES: 1 = STATES: 4 4 MHZ E.T.: 1.00 
Condition Bits abtektad: 


S: Not affected 

Z: Not affected " t 
H: Reset 

V: Not affected 

N: Reset 

C: Set 


“ 


NOP 


Operation: — 
Format: 
Opcode 


NOP 


00090900000 00 


The CPU performs no operation during this machine cycle. 


Description: 


M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: None 


HALT 


Operation: —— 


Format: 
Opcode 
HALT 
Od: Eds Oe de Te 76 
Description: 


The HALT instruction suspends CPU operation until a 
subsequent interrupt or reset is received. While in the 
halt state, the processor will execute NOP’s to maintain 
memory refresh logic, 


M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: None 


Operation: IFF<0O 
Format: 
Opcode 


DI 


Aes de ead onde tO OY od, Yak F3 


Description: 


DI 


DI disables the maskable interrupt by resetting the 
interrupt enable flip-flops(IFFl and IFF2). Note that 
this instruction disables the maskable interrupt during 


its execution, 
M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 
Gsddteden Bite Arfected:s None 
Example: 
When the CPU executes the instruction 
DI | 
the maskable interrupt is disabled until it is 


subsequently re-enabled by an EI instruction, 
_ will not respond to an Interrupt Request (INT) 


The CPU 
signal, 


E| 


Operation: IFF<1 


Format: 
Opcode 


EI 


ae (a ae Gees nk es a a 


Description: 


The enable interrupt instruction will set both interrupt 
enable flip flops (IFFi and IFF2) to a logic “1’ 
allowing recognition of any maskable interrupt. Note 
that during the execution of this instruction and the 
following instruction, maskable interrupts will be 
disabled. 


M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: None 


Example: 
When the CPU executes instruction 


EI 
RETI 


the maskable interrupt will be enabled after the 
execution of the RETI instruction. 


IM 


Operation: — 
Format: 
Opcode Operands 


IM — 0 
pe es Cae cs i Meee 9 ae OV 


QQ 1°90 0° 0 1 1.90 46 
Description: 


The IM 0 instruction sets interrupt mode 0. In this 
mode the interrupting device can insert any instruction 
on the data bus for execution by the CPU. The first 
byte of a multi-byte instruction is read during the 
interrupt acknowledge cycle. Subsequent bytes are read 
in by a normal memory read sequence. 


M CYCLES: 2. TT STATES: 8(4,4) 4 MHZ E.T.: 2.00 


Condition Bits Affected: None 


Operation: — 
Format: 
Opcode Operanas 


IM : l 
De ae ls 0? ole, ale, 30° of ED 


Ot 0 4 O Fo ak. * Be 


' Description: 


The IM instruction sets interrupt mode 1. In this mode 
the processor will respond to an sear by executing 
a restart to location 0038H. 

M CYCLES: 2 T STATES: 8(4,4) 4 MHZ E.T.: 2.00 


Condition Bits Affected: . None 


IM 


Operation: — 
Format: 
Opcode Operands | 


IM 2 


Description: 


The IM 2 instruction sets the vectoreed interrupt mode 
2. This mode allows an indirect call to any memory 
location by an 8 bit vector supplied from the peripheral 
device. This vector then becomes the least significant 
8 bits of the indirect pointer while the I register in 
the CPU provides the most significant 8 bits. This 
address points to an addreess in a vector table which is 
the starting address for the interrupt service routine. 


M CYCLES: 2 T STATES: 8(4,4) 4 MHZ £2 Te 2400 


Condition Bits Affected: None 


rr 


16 BIT ARITHMETIC GROUP- 


ADD HL, ss 


Operation: HL - HL+ss 


Format: 


Opcode 


ADD 


0 0 


Description: 


S 


Operands 


HL,ss 


Se ae Oh - oF 


The contents of register pair ss (any of register pairs 
BC,DE,HL or SP) are added to the contents of register 
pair HL and the result is stored in HL. Operand ss is 
specified as.follows in the assembled object code, 


Register 

Pair ss_ 

BC 00 

DE. 01 
HL 10 

SP ll 


M CYCLES: 3 


T STATES: 11(4,4,3) 4 MAL Bee lig 8 uted 


Condition Bits Affected: 


Not affected 

Not affected 

Set if carry out of 

Bit 1ll; reset otherwise 
Not affected 

Reset ‘ 

Set if carry fro 

Bit 15; nese otherwise 


Example: 


If register pair HL contains the integer 4242H and 
register pair DE contains Ll1l1l1H,. after the execution of 


ADD HL, DE 


the HL register pair will contain 5353H. 


arn 


ADC HL, ss 


Operation: HL<HL+tss+CY 
Format: 
Opcode Operands 


ADC . HL,ss 


Description: 


The contents of register pair ss (any of register pairs 

BC,DE,HL or SP) are added with the Carry Flag (C flag in 
the F register) to the contents of register pair HL, and 
the result is stored in HL. Operand ss is specified as 

follows in the assembled object code, 


Register 


Pair ss 
BC 00 
DE Ol 
HL 10 
SP. ll 


M.CYC LES: “40-1 «STATES? 15(6,:454, 39-4 MHZ EE. Ts? 33.75 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 
Z3 Set if result is zero; 
reset otherwise 
H: Set if carry out of 
Bit ll; reset otherwise 
BENS Set if overflow; 
reset otherwise 
N: Reset : 
C: Set if carry from 


Bit 153; reset otherwise 


Example: 

If the register pair BC contains 2222H, register pair HL 
contains 5437H and the Carry Flag is set, after the 
execution of 


ADC HL, BC 


the contents of HL will be 765AH. 


SBC HL, ss 


Operation: HL+-HL-ss-CY 
Format: 
Opcode | Operands 


SBC HL,ss 


Oi AC sg Ge ae = 


Description: 


The contents of the register pair ss (any of register 


pairs BC,DE,HL or S$?) and the Carry Flag (C flag 


F register) are subdtracted from the contents of 


in the 
register 


pair HL and the result is stored in HL. Operand ss is 
specified as follows in the assembled object code. 


Register 


Pair ss 
BC 00 
DE 01 
HL 10 
SP Ll 


M CYCLES: 4 T. “STATES © L348 5635,45.3) i MEZ Ee Ted. 3445 


Condition Bits Affected: 


S: Set if result is negative; 


reset otherwise 

Z: Set if result is zero; 
reset otherwise 

He Set if a borrow Erom 
Bit l2;reset otherwise 

P/V: Set if overflow; 

reset otherwise 

N; Set 

Gs Set if borrow; 


reset otherwise 


Example: 

If the contents of the HL register pair are 9999H, the 
contents of register pair DE are LII11H, and the Carry 
Flag is set, after the execution of 


SBC HL,DE 


the contents of HL will be 8887H. 


ADD |x, 


PP 


Operation: IX<IX+pp 


Format: 


Operands 


IX,pp 


OM ie pe pe th COP a a 


Description: 





The contents of register pair pp (any of register pairs 


BC,DE,IX or SP) 


are added to the contents of the Index 


Register IX, and the results are stored in IX. Operand 
pp is specified as follows in the assembled object code, 


Register 





Pair 


BC 
DE 
IX 
SP 





PP 


00 
O01 
10 
Ly 


M CYCLES: 4, T STATES: 15(4,4,4,3) 4 MHZ E.T.: 3.75 


Condition Bits Affected: 


8: 
Z3 
H: 


P/V: 


Not aifected 

Not affected 

Set if carry out of 

Bit ll; reset otherwise 
Not affected 

Reset 

Set if carry fron 

Bit 15; reset otherwise 


Example: 

If the contents of Index Register IX are 333H and 
contents of register pair BC are 5555H, after the 
execution of ; 


ADD Ix, BC 


the contents of IX will be 8888H. 


the 


ADD IY, rr 


Operation: IY</Y¥+rr 


Format: 





Opcode Operands 


ADD IY,rr 


O° oe eA. = a 


Description: 


The contents of register pair rr (any of register pairs 
BC,DE,IY or SP) are added to the contents of Index 
Register IY, and the result is stored in IY. Operand rr 
is specified as follows in the assembled object code. 


Register 
Pair rr 
BC 00 
DE Ol 
LY 10 
SP ll 


M CYCLES: 4 T STATES: 15(4,4,4,3) 4 MHZ E.T.: 3.75 


Condition Bits Affected: 


S: Not affected 
Zz: Not affected 
H: - Set if carry out of 
Bit Ll; reset otherwise 
P/V: Not affected 
N: Reset 
C: Set if carry from 
Bit 15; reset otherwise 


Example: 

If the contents of Index Register IY are 333H and the 
contents of register pair BC are 555H, after the 
execution of 


ADD LY,BC 


the contents of IY will be 8888H. 


INC ss 


Operation: ss«sst+1 
Format: 
Opcodes Operands 


INC ss 


Description: 


The contents of register pair ss (any of register pairs 
BC, DE,HL or SP) are incremented. Operand ss is 
specified as follows in the assembled object code. 


Register 
Pair ss 
BC 00: 
DE Ol 
HL 10 
SP ll 


M CYCLES: 1 TT STATES: 6 4 MHZ E.T. 1.50 


Condition Bits Affected: None 


Example: 


If the register pair contains 1LOOOH, after the execution 
of 


.INC HL 


HL will contain lLOOLH. 


INC Ix 


Operation: IX<IX+1 
Format: 
Opcode Operands 


INC IX 


Do do oT de dD Ot “OB 
OP 20} BA nO “De a as 


Description: 
The contents of the Index Register IX are incremented. 
M- CYCLES: 2 TT STATES: 10(4,6) 4 MHZ E.T.: 2.50 


Condition Bits Affected: None 


Example: 


If the Index Register IX contains the integer 3300H 
after the execution of 


INC LX 


the contents of Index Register IX will be 3301H. 


17Nn 


INC IY 


Operation: IY<lY+1 


Format: 
. Opcode Operands 
INC LY 
| mane ees: ‘Area: Same a a a FD 
OF Oe h 805 0.. 205, 2. 23 
Description: 


The contents of the Index Register IY are incremented. 
M CYCLES: 2 T STATES: 10(4,6) 4 MHZ E.T.: 2.50 


Condition Bits Affected: None 


Example: 


If the contents of the Index Register are 2977H, after 
the execution of 


INC [LY 


the contents of Index Register LY will be 2978H, 


DEC 


Operation: ss«ss-1 
Format: 
- Opcode. Operands 


DEC ss 


-Description: 


The contents of register pair ss (any of the register 
pairs BC,DE,HL or SP) are decremented. Operand ss is 
specified as follows in the assembled object code, 


Pair ss 

BC 00 

DE Ol 

HL 10 . 
SP ll 


M CYCLES: 1 TT STATES: 6 4 MHZ E.T.: 1.50 


Condition Bits Affected: None 


Example: 
If register pair HL contains 1LOOIH, after the execution 
of 


DEC HL 


the contents of HL will be l1OOOH. 


179 


ss 


DEC Ix 


Operation: IX<1X-1 
Format: 
Opcode Operands 


DEC | IX 


O° Or 2 0 Td 2B 


Description: 
The contents of Index Register IX are decremented, 
M CYCLES: 2 =T STATES: 10(4,6) 4 MHZ E.T.: 2.50 


Condition Bits Affected: None 


' Example: 


If the contents of Index Register IX are 2006H, after 
the execution of , 


DEC IX 


the contents of Index Register IX will be 2005H. 


DEC IY 





Operation: !IY<IlY -1 
Format: 
Opcode Operands 


DEC TY 


ft ) amet Va © ae a 6 es Ld 2B 


Description: 


The contents of the Index Register IY are decremented. 


M CYCLES: ‘2 T STATES: 10 (4,6) 4 MHZ E.T.: 2.50 
Condition Bits Affected: None 
| Example: 


If the contents of the Index Reeeeese IY are 7649H, 
after the execution of 


DEC IY. 


the contents of Index Register LY will be 7648H. 


-ROTATE AND SHIFT GROUP- 


A~ALCA 


Fame 


A 


Operation: 
Format: 
Opcode Operands 


RLCA 


0 0G oo 1) a el’ 67 


Description: 


The contents of the Accumulator (register A) are rotated 
left one bit position. The sign bit (bit 7) is copied 
into the Carry Flag and also into bit O. Bit O is the 
least significant bit. 


M CYCLES: 1 T STATES 4 4 MHZ E.T.: 1.00 
Condition Bits Affected: 


Not affected 

Not affected 

Reset 

Not affected 

Reset 

Data from Bit 7 of Acc. 


~ 
> 
Az GNM 


ac7 


Example: 


‘ 


If the contents of the Accumulator are 


Pe vit 025 2GP SBP oe eG 


jt fofofo}i fofolo| 


after the execution of 
RLCA 
“the contents of the Accumulator and Carry Flag will be 


Co ak? AB ae 26 ee ek 


LARS eee ea 


17a 


RLA 


erase 


A 


Operation: | 
Format: 
Opcode Operands 


RLA 


Os Oe Or ee ie op LS * ay 


Description: 


The contents of the Accumulator (register A) are rotated 
left one bit position through the Carry Flag. The 
previous content of the Carry Flag is copied into bit 0. 
Bit O is the least significant bit. 


» 


"M CYCLES: l T STATES: 4 & MHZ Est <t. b-00 


Condition Bits Affected: 


S. Not affected 
a Not affected 
Hi: Reset 

P/V: Not affected 
Nes Reset 


C; Data from Bit 7 of Acc. 


Example: 


If che contents of the,Accumulator and the Carry Flag 
are , 


CG 6 Se SB SE 


SRB BEG 


after the execution of 
RLA 


the contents of the Accumulator and the Carry Flag will 
be 


DBR Ra ee 


ARCA 


z ar 


Operation: 
A 
Format: 


Opcode Operands 


RRCA 


O 0h OO. 2: of. a OF 


Description: 

The contents of the Accumulator (register A) are rotated 
right one bit position. Bit 0 is copied into the Carry 
Flag and. also into bit 7. Bit O is the least 
significant bit. 


M CYCLES: 1 TO LALE Se 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: 


S: Not affected 
Ls Not affected 
H: Reset 

P/V: Not affected 
N: Reset 
Cs 


Data from Bit O of Acc. 


Example: 


If the contents of the Accumulator are 


io S$ & S 2 a 6 


BOOB DORE 


After the execution of 
RRCA 


the contents of the Accumulator and the Carry Flag will 
be 





RRA 


2-3 f 
Operation: Soma 
A 
Format: 
Opcode Operands 
RRA 


GO Or i a, as <a 1F 


Description: 

The contents of the Accumulator (register A) are rotated 
right one bit position through the Carry Flag. The 

previous content of the Carry Flag is copied into bit 7. 
Bit O is the least significant bit. 

MN. CYCLES: I T STATES: 4 4 MHZ E.T.: 1.00 


Condition Bits Affected: 


S: Not affected 
Z: Not affected 
H: Reset 

P/V:. Not affected 
N: Reset 


Ge Data from Bit O of Acc. 


Example: 
If the contents of the Accumulator and the Carry Flag 


are 


7° 6 3 & 3 2 1T 0 C 


ff ifofefefels|[o| 


after the execution of 
RRA 


the contents of the Accumulator and the Carry Flag will 
be : 


‘ 


T. 36 Se ee a ee 


oe ees 


3LC rer 


Operation: } 0 

r 

Format: 
Opcode Operands 
‘RLC - r 


fae 20r 0. Wa | See 


. 


COO, & Gwe eee 


Description: 


The contents of register r are rotated left one bit 
position. The content of bit 7. is copied into the Carry 
Flag and also into bit 0. Operand r is specified as 
follows in the assembled object code: 


Register = 


000 
001 
010 
O11 
100 
101 
ee! 


>ocrmmoaw 


M CYCLES: 2 . T STATES: 8(4,4) 4 MHZ E.T.: 2.00 


Condition Bits Affected: 


S: Set if result is negative; 
; reset otherwise 
Zi Set if result is zero; 


reset otherwise 
H: Reset 
P/V: Set if parity even; 
reset otherwise 
N: Reset 
: Data from Bit 7 of 
source register 
Example: 


If the contents of register r are 


oo 


7 6 5 4 3 2 1 ~=«0 


Hoes 


after the execution of 
RLC r 


the contents of register r and the Carry Flag will be 


C EO: 3, o& Soe Lt 


3LC CHL) 


Operation: aL 0 


(HL) 
Format: 
Opcode ' Operands 
RLC (HL) 


de 30) 2 0 Os A od CB 


000 0 0 1 1 90 6 


Description: 


The contents of the memory address specified by the 
contents of register pair HL are rotated left one bit 
position. The content of bit 7 is copied into the Carry 
Flag and also into bit 0. Bit 0 is the least 
significant bit. 


M CYCLES: 4 T STATES: 15(4,4,4,3) 4 MHZ E.T.: 3.75 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 

Ze Set if result is zero; 
reset otherwise 

H: Reset 

P/V: Set if parity even; 

reset otherwise 

N: Reset 

C: Data from Bit 7 of 


source register 


Example: 


If the contents of the HL register pair are 2828H, and 
the contents of memory location 2828H are 


BOS CG Bo Wee ok DO 


pH pofofof | 9) of o| 
after the execution of j 


RLC (HL) 


the contents of memory location 2828H and the Carry Flag 
will be 


Cc 7 6 5 4 3 2 1 O° 


Ceara 


3LC CxXt+d) 


Operation: 
Format: 


Opcode Operands 


RLC (1X+d) 


Description: 


The contents of the memory addre'ss specified by the sum 
of the contents of the Index Register IX and a two’s 
complement displacement integer d, are rotated left one 
bit position. The content of bit 7 igs copied into the 


Carry Flag.and also into bit 0. Bit 0 is the least 
Significant bit. 


M CYCLES? 6: T STATES: F904 O95 8459) 4 MHZ E.T.: 5.75 


Condition Bits Affected: 


S: Set if result is: negative; 
reset otherwise 

Z: Set if result is zero; 

: reset otherwise 

H: Reset 


PVs Set if parity even; 
reset otherwise 


N: Reset 
Ge Data from Bit 7 of 


source register 


Example: 


If the contents of the Index Register IX are LOQOH, and 
the contents of memory location 1022H are 


7 6 5 4 3 2 1 +0 


eee ele 


after the execution of 
RLC (IX+2H) 


the contents of memory location 1002H and the Carry Flag 
‘will be 


Go. Se. Be Be Ge. Be. 20 


eS 


SLC ytd) 


Operation: Lao 


(1¥ +d) 
Format: 
Opcode Operands 
RLC (LY+d) 


ae 2 ae kane 0 ea a Ue) 06 


Description: 


The contents of the memory address specified by the sum 


of the contents of the Index Register 
complement displacement integer d are 


bit position. The content of bit 7 is. 


Carry Flag and also into bit 0. Bit 
Significant bit. 


MO GYCLES? 6 T STATES? 23(4, 4,355, 4, 3) 


Condition Bits Affected: 


IY and a two’s 
rotated left one 
copied into the 
O is the least 


A MHZ (Bele Se 7S 


Set if result is negative; 


. 83 
reset otherwise 
Z: Set if result is zero; 
‘ reset otherwise 
H: Reset 
PYVs Set if parity even; 
reset otherwise 
N: Reset 
Cs Data from Bit 7 of 


source register 


Example: 


If the contents of the Index Register IY are LOOOH, and 
the contents of memory location 1002H are 


7 Go UB om: B21 


Suen 


after the execution of 
RLC (LY+2H) 


the contents of memory location 1002H and the Carry Flag 
will be 


Co 6 OS hs Fe 92 “ap 70) 


oe ae 


109 


RL 


—_ 
Operation: : 
ic ete Reith lta es 


Format: 


' Opcode Operands 
RL m 


The m operand is any of r,(HL), (IX+d) or (IYt+d), as 
defined for the analogous RLC instructions. These 
various possible opcode-operand combinations are 
specified as follows in the assembled object code: 


RL r ee tae ie ane ees Pe a We aes 
00 0 1 0 p—e} 
RL (HL) Te ae = Oe, ah, a=, GB 


RL (I1X+#d). 


2 Op oak. = he 3 16 


jo) 
oO 
jo) 


RL (1Y+d) ee eee ee eee 


2 0 ie © ee Fae 


*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code above: 


Register r. 


rrmmouoow 
oO 
_ 
_— 


Description: 


The contents of the m operand are 
position. The content of bit 7 is 
Flag and the previous content of 
copied into bit 0. 


rotated left one bit 
copied into the Carry 
the Carry Flag is 


INSTRUCTION M CYCLES T STATES 4 MHZ E.T. 
RL ¢ 2 8(4,4) 2.00 
RL (HL) 4 15(¢4,4,4,3) ci: 
RL (1X+d) 6 23(64,4,3,5,4,3) 5375 
6 23(4,4,3,5,4,3) Se 


RL (1Y+d) 


Condition Bits Affected: 


Ss: Set if result is negative; 
. reset otherwise 
Z: Set if result is zero; 
reset otherwise 
: Reset 


P/V: Set if parity even; 
reset otherwise 
N: Reset 
C: Data from Bit 7 of 
source register 


Example: 


If the contents of register D and the Carry Flag are 


C 7 “6. Ss Be «3% QD. 0 


Poy tfofofofs fifi ti| 


after the execution of 
RL D 


the contents of register D and the Carry Flag will be 


C 7 6 5 4 3 2 1 =O 


pofofo}iftifijifo} 


10nF 


108 


RRG m 


: i— >, 0 CY 
Operation: a 
Soo ee eee m 
Format: 
Opcode Operands 
RRC a 


The m operand is any of r,(HL), (IXtd) or (IY+d), as 
‘defined for the analogous RLC instructions. These 
various possible opcode-operand combinations are 
specified as follows in the assembled object code: 


RRC r WN Qh ae ae ke de CB 
RRC (HL) de> hy SOS SO ode Oe! ed CB 
. Oak 60) 3G ads es che OE 
RRC (1X+d) . | 1 1 0 dd EO DD 


OP Gs 0.0, Te sk SE OE 


RRC (LY+d) al 1 1 j Sane aes ae | 


Or 20h: Oe Ou ke ade Sd 


OE 


*r identifies registers B,C,D,E,H,L or A specified as 


follows in the assembled object code above: 


Register r 


Description: 


rrmmonw 


The contents of operand m are rotated right one bit 
position. The content of bit 0 is copied into the Carry 


Flag and also into bit:7. 


bic. 
INSTRUCTION 


RRC r 

RRC. (HL) 
RRC (1X+d) 
RRC (1Y+d) 


M CYCLES T STATES 


Ad & rp 
nN 
wo 
~ 
> 
~~ 


Bit O is the least significant 


4 MHZ E.T. 


2.00 
Pe 
3.75 
375 


' Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise 
Z: Set if result is zero; 
- reset otherwise 
: Reset 


RLV Set if parity even; 
reset otherwise 
N: Reset 
C: Data from Bit 0 of 
source register 


Example: si 
If the contents of register A are 


7 6s So he 2 2. 6 


pee | eae 


after the execution of 
RRC A 


the contents of register A and the Carry Flag will be 


BEB aoeo 





3A 


‘Operation: iat 
Pon nD th ee m 
Format: 
Opcode Operand 
RR m 


The m-operand is any of r, (HL), (IX+d), or (IY+d), as 
defined for the analogous RLC instructions. These 
various possible opcode-operand combinations are 
specified as follows in the assembled object code: 


RRro Oe rd CB 
RR (HL) P1500: TOT Th CB 

ooo tiie} 
RR (1X+d) By ot: fOr et te. ay DD 


1 dy is JO)’ SE 


jo) 
(o>) 
(oo) 


RR (1Y+d) Be dee ke ote 2 FD 


0 Ore Ft 1E 


i 
I 


*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code above: 


Register c 
000 
001 
010 
Oll 
100 
101 
lll 


rrmmondw 


Description: 


The contents of operand m are rotated right one bit 
position through the Carry flag. The content of bit 0 is 
copied into the Carry Flag and the previous content of 
the Carry Flag is copied into bit 7. Bit 0 is the least 
Significant bit. 


INSTRUCTION M CYCLES T STATES ae ore 
RR or 2 8(4,4) 2.00 
RR (HL) 4. 15(4,4,4, 3) 3475 
RR (1X+d) 6 2345-44754 55453) <S2-75 
RR .(LY+d) 6 2364, 6,355.5 45.3) 5275 


Condition Bits Affected: 


S: Set if result is negative; 
“reset otherwise 
at Set if result is zero; 
reset otherwise 
H: Reset 
P/V: Set if parity is even; 
reset otherwise 
N: Reset ; 
: Data from Bit O of 


source register 
Example: 
If the contents of the HL register pair are 4343H, and 


the contents of memory location 4343H and the Carry Fla 
are 


y i: Sa ee ae  - C 


CP PEPE EEG) 


after the execution of 
RR (HL) 


the contents of location 4343H and the Carry Flag will 
be 


SLA m 


oa: ERE] 
Operation: 


m 


Format: 

Opcode * Operands. 

SLA n 
The m operand is any of r, (HL), (IX+d) or (IY¥+d), as 
defined for the analogous RLC instructions, These 


various possible opcode-operand combinations are 
specified as follows in the assembled object code: 


SLA r 


TG. he) Weal, GB : 
0 01 0 0-——r— 
0:0. 1 0 05 PO)! 26 

SLAt (1X+d) ae Ale? Shs SS a DD 
DAOC i 
ae AAS 
0010011 0] 26 


SLA (1Y+d) 


OOo 2: 70 3G"< he. 


26 


*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code field above: 


Register 


' Description: 


rrmmoalw 


An arithmetic shift left one bit position is performed 
on the contents of operand m. The content of bit 7 is 
copied into the Carry Flag. Bit 0 is the least 
significant bit. , 


INSTRUCTION 


SLA r 

SLA (HL) 
SLA (IX+d) 
SLA (I Y+d) 


No & rm 


M CYCLES 


T STATES 


8(4,4) 


4 MHZ E.T. 


2.00 
3073 
5.75 
3275 


Condition Bits Affected: 


Ss Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 
reset otherwise 

H: Reset 

P/V: Set if parity is even; 

reset otherwise 

N: Reset 

Cc: Data from Bit 7 


Example: 


If the contents of register L are 


py Sere 


after the execution of 
SLA L 


the contents of register L and the Carry Flag will be 
) 


Bee Reee 


RA m 


7— > oOfeIcy 
Operation: ie cy 
pie ete a Se ey m 
Format: 
Opcode Operands 
“SRA Oo 


The m operand is any of r, (HL), (I1X+d) or (IY+d),as 
defined for the analogous RLC instructions, These 
various possible opcode-operand combinations are 
specified as follows in the assembled object code: 





SRA rx ' CB 
SRAC( HL) CB 

2E 
SRA( 1X+d) ih 20. 4 a eG, aT DD 


Ba de Oe Oy de SO et CB 


O20. 0% hee dy a at) 2E 


SRA(LY+d) ie Cees Vee ls aie as tees Ce ea 


Oe ae ee © es a Se ae 23 


*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code field above: 


Register . r 


oO 
ol 
— 


An arithmetic shift right one bit position is performed 
on the contents of operand m. The content of bit 0 is 
copied into the Carry Flag and the.previous content of 
bit 7 is unchanged. Bit 0 is the least significant bit. 


INSTRUCTION M CYCLES T STATES -4 MHZ E.T. 
SRA r 2 8(4,4) 2.00 
SRA (HL) 4 15(4,4,4,3) 3% 7D 
SRA (I X+d) 6 23(4,4,3,5,4, 3) dete 
6 


SRA (1Y+d) 2304, 443, 55463) 5.75 


Condition Bits Affected: 


S: Set if result is negative; 
reset otherwise : 

Z3 Set if result is zero; 
reset otherwise 

H: Reset 


P/V: Set if parity is even; 
reset otherwise 

Reset 

Data from Bit 0 of 
source register 


aa 


Example: 


lf the contents of the Index Register IX are LOOOH, and 
the contents of memory location 1003H are 


Po 06s 3. Ae go ee ok, *D 


BOBS ee 


after the execution of 
SRA (1X+3H) 


the contents of memory location 1003H and the Carry Flag 
will be 





“ 





SRL m 


~ 
o 
Q 
~< 


Oreratcon 
Format: 
Opcode Operands 
SRL | in| 
The operand m is any of r, (HL), (IX+d) or (IY+d), as 
defined for the analogous RLC instructions. These 


various possible opcode-operand combinations are 
specified as follows in the assembled object code: 


‘ 


SRL r Fh Oe i a Le GB 
090Q03212.ti—r— 


SRL (HL)/ a Aa © ae ee eae 6 CB 
HO Oe eS dike he ST a) 3E 


SRL (I1X+d) ed Ve ie ae a; DD 


Op Ge de 48s ee Be 20) 3E 


SRL (1Y+d) i 


3E 


*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code fields above: 


Register © 
B 000 
Cc 001 
D 010 
E Oll.- 
H 100 
1B 101 
A lll 


“Description: 


The contents of operand m are shifted right one bit 


position. 
Flag, 
bit. 


INSTRUCTION 


SRL rx 

“SRL (HL) 
SRL (IX+d) 
SRL (LY+d) 


M CYCLES 


aa & bh 


The content of bit 0 is copied 
and bit 7 is reset. Bit 0 is the least significant 


T STATES 

8(4,4) 

15(4,4, 4,3) 
344434545 45.5) 
2304 i 345s 8) 


into.the Carry 


4 MHZ E.T. 


2.00 
a: 75" 
5.75 
Sans 


. 


Condition Bits Affected: 


S$: Reset 

Z: Set if result is zero; 
reset otherwise 

H; - Reset 

P/V: Set if parity is even; 

reset otherwise 

N: Reset _ 

C: Data from Bit 0O of 


source register 
Example: 


If the contents of register B are 


after the execution of 
‘SRL B 


the contents of register B and the Carry Flag will be 





RLD 


Operation: Cbd bE (HL) 


Format: 
Opcode Operands _ 


RLD 


Description: 


The contents of the low order four bits (bits 3,2,1 and 
0) of the memory location (HL) are copied into the high 
order four bits (7,6,5 and 4) of that same memory _ . 
location; the previous contents of those high order four 
bits are copied into the low order four bits of the 
Accumulator (register A); and the previous contents of 
the low order four bits of the Accumulator are copied 
into the low order four bits of memory location (HL). 
The contents of the high order bits of the Accumulator 
are unaffected. Note: (HL) means the memory location 
specified by the contents of the HL register pair. 


M CYCLES: 5 T STATES: 18(4,4,3,4,3) 4 MHZ E.T.: 4.50 


/ 


Condition Bits Affected: 


S: Set if Acc. is negative after 
operation; reset otherwise 

Zs Set if Acc. is zero after 
operation; reset otherwise 

Ik: Reset , 

P/V: Set if parity of Acc. is even 

after operation; reset otherwise 

N: Reset 


C: Not affected 


ai17 


Example: 


If the contents of; the HL register pair are 5000H, and 
the contents of the Accumulator and memory location 
5000H are 


765 4&3 2 1 «0 
CETTE TTL TE] sccostse 
i a oe ce ee 


BOGHOOcn ee 


after the execution of 
RLD 


the contents of the Accumulator and memory location 
5000H will be 


CEEETEEE TE] scusteee 
1 


“fF © 5S & 3S @ 


1 0 


fofofoli}ifojifo)  csonox) 


32RD 


=x 
Operation: +BY PS 


Format: 


Opcode Operands 


Ee de 0. Dp a ep 


ON oO a ad. see 


Description: 


The contents of the low order four bits (bits 3,2,1 and 
0) of memory location (HL) are copied into the low order 
four bits of the Accumulator (register A); the previous 
contents.of the low order four bits of the Accumulator 
are copied into the high order four bits (7,6,5 and 4) 
of location (HL); and the previous contents of the high 
order four bits of (HL) are copied into the low order | 
four bits of (HL). The contents of the high order bits 
of the Accumulator are unaffected. Note: (HL) means 
the memory location specified by the contents of the HL 
register pair, 


MN CYCLES: 5 T STATES: 18(4,4,3,4,3) 4 MHZ E.T.: 4.50 


Condition Bits Affected: 


S: Set if Acc. is negative after 
operation; reset otherwise 
Zs Set if Acc. is zero after 
Operation; reset otherwise 
H: Reset’ 
: P/V: Set if parity of Acc. is even after 
. operation; reset otherwise 


N: . Reset 
C: Not affected 


Example: 


If the contents of the HL register pair are 5000H, and 
the contents of the Accumulator and memory location 
5000H are | 


1 


BOOUGHOG eee 


7 6 5 4 3 2 1 #90 


DOGO 


after the execution of 
RRD 


- 


the contents of the Accumulator and memory location 
5000H will be 


BOGOOOOO Meo 


PPTL Te] 000m 


-BIT SET, RESET AND TEST GROUP- 


BIT b, rn 


Operation: Z+rp 
Format: 


Opcode Operands 
BIT b,r 


A MeO Oe, ee Dk ot CB 


Description: 


This instruction tests Bit b in register r and sets the 
Z flag accordingly. Operands b and r are specified as 
follows in the assembled object code: 


Bit Tested b Register c 
0 000 B 000 
l 001 C 001 
2 010 D 010 
3 Oll E OLl 
4 100 H 100 
5 LOl L 101 
6 110 A Lil 
7 11 


M CYCLES: 2 TT STATES: 8(4,4) 4 MHZ E.T.: 2.00 


Condition Bits Affected: 


S$: Unknown 
Z: Set if specified Bit is 
0; reset otherwise 
H: Set 
P/V: Unknown 
N: Reset. 
C: Not affected 


naan 


Example: 


If bit 2 in register B contains 0, after the execution 
of , 


BIT 2,B 
the Z2 flag in the F register will contain 1, and bit 2 


in register B will remain 0. Bit 0 in register B is the 
least significant bit. 


DON 


3IT b, CHL) 


Operation: Z< (HL), 
Format: 
Opcode Operands 


BIT b, (HL) 


fod @ Or  O.  d CB 


QO 1 —~——_—b—»1 1 0 


Description: 


This instruction tests bit b in the memory location 
specified by the contents of the HL register pair and 
sets the Z flag accordingly. Operand b is specified as 
follows in the assembled object code: 


Bit Tested b 


000 
001 
010 
011 
100 
101 
110 
Lll 


NOU Lf WN OO 


M CYCLES: 3. T STATES? L2(h st y4) 4 MHZ E.T.: 3.00 


Condition Bits Affected: 


8: Unknown 
Z: Set if specified Bit is 
0; reset otherwise 
H: Set , : 
P/V: Unknown 
H: Reset 
Cc? Not affected 


colnet a 


Example: 


If the HL register pair contains 4444H, and bit 4 in the 
memory location 444H contains 1, after the execution of 


BIT 4, (HL) 
the Z flag in the F register will contain 0, and bit 4, 


in memory location 4444H will still’ contain 1. (Bit 0 in 
memory location 4444H is the least significant bit.) 


996 


BIT b, (xX+d) 


Operation: Z + (IX+d)), 


Format: 
Opcode Operands 
Bit b,(1IX+d) 


O 1 ——b-—»+1 1 9 


.Y 
Description: 


This instruction tests bit b in the memory location . 
specified by the contents of register pair IX combined 
with the two’s complement displacement d and sets the Z 
flag accordingly. Operand b is specified as follows in 
the assembled object code. 


Bit Tested b 
0 000 
1 001 
2 010 
3 Oll 
4 100 
5 101 
6 110 
7 ie | 


M CYCLES: 5 T STATES 2 (90(G545'9555-49 4 MHZ E.T.: 5.00 
Condition Bits Affected: 
S: Unknown 


Z: Set if specified Bit is 
0; reset otherwise 


Condition Bits Affected: 


S: Unknown 
Zs Set if specified Bit is 
0; reset otherwise 


H: Set 
P/V: Unknown 
N: Reset : 


C: Not affected 
Example: 
If the contents of Index Register IX are 2000H, and bit 
6 in memory location 2004H contains 1, after the 
execution of 
BIT 6, (I1X+4H) 
the Z flag in the F register will contain 0, and bit 6 


in memory location 2004H will still contain 1l. (Bit 0 
in memory location 2004H is the least significant bit.) 


DIQ 


BIT b, (ytd) 


BIT b,(1Y+d) 


Operation: Z+(l¥+d)p 
Format: 
Opcode Operands 


B 


eH 


T b, (1Y+d) 


D0 1 we b—e 1 1 9 


Description: 


This instruction tests bit b in the memory location 

specified by the contents of register pair IY combined 

with the two’s complement displacement d and sets the Z 

flag accordingly. Operand b is specified as follows in 
; the assembled object code: 


Bit Tested b 
0 000 
1 001 
2 010 
3 Oll 
4 100 
5 101 
6 110 
7 11} 


M CYCLES: 5 -T STATES: 20(4,4,3,5,4) 4 MHZ E.T.: 5.00 


Condition Bits Affected: 


Unknown 
Set if specified Bit is 
0; reset otherwise 

Set 

Unknown 

Reset 

Not affected 


NM 


 . 
~ 
aQaz<am 


Example: 


If the contents of Index Register are 2000H, and bit 6 
in memory location 2004H contains 1, after the execution 
of’ , 


BIT 6, (1Y+4H) 
the Z flag in the F register sill contain 0, and bit 6 


in memory location 2004H will still contain 1. (Bit 0 
in memory location 2004H is the least significant bit.) 


=a b, r 


Operation: r+ 1 
Format: 
Opcode Operands 


SET aaa b,r 


bo Oe Oat pd CB 


.Description: 
Bit b in register r (any of registers B,C,D,E,H,L or A) 


is set. Operands b and r are specified as follows in 
the assembled object code: 


Bit b Register r 
0 000 B 000 
1 00l C 001 
2 010 D 010 
3 011 E O11 
4 100 H 100 
5 101 L 101 
6 110 A 111 
7 111 


M.CYCLES: 2 gh STATES: 8(4,4) 4 MHZ E.T.: 2.00 
Condition Bits Affected: None 

Example: 

After the execution of 


SET 4,A 


/ 


bit 4 in register A will be set. (Bit 0 is the least 
Significant bit.) 


SET ob, CHL 


Operation: (HL), <1 
Format: 
Opcode . Operands 


SET b, (HL) 
bdo 8. TQ TY CB 
1 1 —+—b—~+1 1 0 


Description: 


Bit b in the memory location addressed by the contents 
of register pair HL is set. Operand b is specified as 
follows in the assembled object code: 


Bit Tested b 


000 
001 

010 
O11 
100. 
101 
110 
111 


NOU EF WN © 


M CYCLES: 4 T STATES: 15(4,4,4,3) . 4 MHZ E.T.: 3.75 
Condition Bits Affected: . None 
Example: 


If the contents of the HL register pair are 3000H, after 
the execution of 


SET 4,(HL) 


bit 4 in memory location 3000H will be l. (Bit O in 
memory location 3000H is the least significant bit.) 


SET b, (IX+d) 


Operation: (IXt+d)), «1 
Format: . 
Opcode . Operands 


SET b,(IX+d) 


Description: 


Bit b in the memory location addressed by the sum of the 
contents of the IX register pair and the two’s 
complement integer d is set. Operand b is specified as 
follows in the assembled object code: 


Bit Tested b 


NOON EWN O 
_ 
oO 
oO 


M CYCLES: 6 T STATES: 23(4,4,3,5,4,3) 4 MHZ E.T.: 
2075 


Condition Bits Affected: None 


Example: 


If the contents of Index Register are 2000H, after the 
execution of 5 * Oe 


SET 0, (1X+3H) 


bit O in memory location 2003H will be 1. (Bit O in 
memory location 2003H is the least significant bit.) 


SET b, UY+d) 


Operation: (IY¥+d),<«1 
Format: 
Opcode Operands 


SET. : “by CEY+d) 


1 lw ——b——»1 1 0 


Description: 


Bit b in the memory location addressed by the sum of the 
contents of the LY register pair and the two’s 
complement displacement d is set. Operand b is 
“specified as follows in the assembled object code: 


Bit Tested b 


NOU RWNHe O 
[o) 
— 
- 


M CYCLES: 6 T STATES: 23:4 545.35-545.4,3)- 4/MHZ ExT.S 
5475 


Condition Bits Affected: None 
Example: 


If the contents of Index Register IY are 2000H, after 


the execution of 
SET 0, (1 Y+3H) 


bit O in memory location 2003H will be l. (Bit O in 
memory location 2003H is the least significant bit.) 


RES b, m 


Operation: s,<«0 
Format: 

Opcode Operands 

RES | b,m 
Operand b is any bit (7 through 0) of the contents of 
the m operand,(any of r, (HL), (IXtd) or (IY¥+d)) as 
defined. for the analogous SET instructions. These 
various possible opcode-operand combinations are 


assembled as follows in the object code: 


RES b,r | to 


ran) 
Oo 
iy 
Oo 
— 
— 
oo 


RES b,(HL) LP Ge 30 i. 0s 1 ah CB 


RES b,(1X+d) 


_— 
— 
oO 
—" 
-— 
_ 
So 
ry 


DD 


RES b,(IY¥+d)- |1 111213110 21 FD 


ay a me aes a? Ss a CB 


1-20 


| 
| 


Bit Reset b Register r 





0 000 B 000 

1 001 Cc 001 . 

Z 010 D 010 

3 O11 E O11 

4 . 100 H 100 

5 101 L - 101 

6 110 A 111 

7 111 
Description: 
Bit b in operand m is reset, 
INSTRUCTION M CYCLES T STATES 4 MHZ E.T. 
RES r 4 8(4,4) 2.00 
RES (HL) 4 15(4,4,4,3) Sact'D 
RES (1X+d) 6 23(4,4,3,5,4,3) 5.75 
RES (I1Y+d) 6 23(4,4,3,5,4, 3) Sat d 
Condition Bits Affected: ' None 
Example: 


After the execution of 
RES 6,D 


bit 6 in register D will be reset. (Bit 0 in register D 
is the least significant bit.) 


JUMP GROUP- 


nan 


JP oman 


Operation: PC<nn 


Format: 
Opcode Operands 
JP nn 


efeemeneenemeens [| eer 


Note: The first operand in this assembled object code 
is the low order byte of a 2=-byte address. 


Description: 
Operand nn is loaded into register pair PC (Program 


Counter). The next instruction is fetched from the 
‘location designated by the new contents of the PC. 


M CYCLES: 3 T STATES: 10(4,3,3) 4 MHZ E.T.: 2.50 


Condition Bits Affected: None 


JP cc, nn 


Operation: IF cc TRUE,PC<nn 
Format: 
Opcode Operands 


JP ; cc,nn 


Note: The first n operand in this assembled object code 
is the low order byte of a 2=-byte memory address, 


Description: 


If condition cc is true, the instruction loads operand 
nn into register pair PC (Program Counter), and the 
program continues with the instruction beginning at 
address nn. If condition cc is false, the Program 
Counter is incremented as usual, and the program 
continues with the next sequential instruction, 
Condition cc is programmed as one of eight status which 
corresponds to condition bits in the Flag Register 
(register F). These eight status are defined in the 
table below which also specifies the corresponding cc 
bit fields in the assembled object code. 


ce . CONDITION -RELEVANT | 
, FLAG 
. 000 : NZ non zero Z 
‘001 Z zero Z 
010 NC no carry C 
011 C. ‘Carry. Cc. 
100 PO parity odd P/V 
101 PE parity evea P/V 
1ro - P sign positive: S 
ie Be | ' M sign negative S 


M CYCLES: 3 Tt. STATES: 1004, 343) 4. MHZ E.T.: 2.50 
Condition Bits Affected: None 
Example: 
If the Carry Flag (C flag in the F register) is set and 
the contents of address 1520 are 03H, after the 
execution of Q 

JP C,1520H 
the Program Counter will contain 1520H, and on the next 


machine cycle the CPU will fetch from address 1520H the 


JR 


Operation: PC «PC+e 


Format: 


Description: 


This instruction provides for unconditional branching to 
other segments of a program. The value of the 
displacement e is added to the Program Counter (PC) and 
the next instruction is fetched from the location 
designated by the new contents of the PC. This jump is 
measured from the address of the instruction opcode and 
has a range of -126 to +129 bytes. The assembler 
automatically adjusts for the twice incremented PC, 


M CYCLES: 3 ZT STATES? 1204 934.5) 4 MHZ E.T.: 3.00 


Condition Bits Affected: None 


Example: 


To jump forward 5 locations from address 480, the 
following assembly language statement is used: 


JR $+5 


The resulting object code and final PC value is shown 
below: 
Location Instruction 


480 
481 
482 
483 
484 
485 


8 
3 


ore 


rl 


PC after jump 


JR C, e 


Operation: IfC=0, continue 
lfC=1, PC«+PCt+e 


Format: 
Opcode Operands 
JR C,e 
Ori Ea he Os Ot) 38 
\ ——— e+ 2 


Description: 


This instruction provides for conditional branching to 
other segments of a program depending on the results of 
a test on the Carry Flag. If the flag is equal to a 
“1°, the value of the displacement e is added to the. 
Program Counter (PC) and the next instruction is fetched 
from the location designated by the new contents of the 
PC. The jump is measured from the address of the 
instruction opcode and has a range of -126 to +129 
bytes. The assembler automatically adjusts for the 
twice incremented PC. 


If the flag is equal to a °0’, the next instruction to 
be executed is taken from the location following this 
instruction, 

If condition is met: 

M CYCLES: 3 T STATES?, 12(4. 35.5) 4 MHZ E.T.:3.00 

If condition is not met: 

M CYCLES: 2 T STATES: 73) 4 MHZ E.T.: 1475 
Condition Bits Affected: None 


Example: 


The Carry Flag is set and it is required to jump back 4 
locations from 480, The assembly language statement is: 


IR C.$<4 


The resulting object code and final PC value is shown 
below: 


Location Instruction 

47C <— PC after jump 
47D —_ 

47E — 

47F — 

480 38 


481 FA (2°s complement-6) 


JR 


NC, e 


Operation: If C=1, continue 
IifC=0, PC<PCt+e 
Format: 
Opcode Operands 


JR NC,e 


Description: 


This instruction provides for conditional branching to 
other segments of a program depending on the results of 
a test on the Carry Flag. If the flag is equal to “0’, 
the value of the displacement e is added to the Program 
Counter (PC) and the next instruction is fetched from 
the location designated by the new contents of the PC, 
The jump is measured from the address of the instruction 
opcode and has a range of -126 to +129 bytes. The 
assembler automatically adjusts for the twice 


‘incremented PC. 


N 


If the flag is equal to a “1°, the next instruction to 


be executed is taken from the location following this 


instruction, 

If the cond teion is met: 

Ii CYCLES: 3 T STATES: 2 CA gett) 4 {HZ E.T.: 3.00 
If the condition is: not met: 

M CYCLES: 7 T STATES: -7(4,.3) 4 MHZ E£..s 1s 75 
Condition Bits Affected: None 

Example: 


The Carry Flag is reset and it is required to repeat the 
jump instruction. The assenbly language statement is: 


nan 


JR NC,$ 


The resulting object code and PC after the jump are 
shown below: 


Location Instruction 
480 ~- 30 <— PC after jump 
481 00 


9cn 


JR Zz, e 


Operation: If Z=0, continue 
If Z=1, PC<PCt+e 


Format: 
Opcode . Operands 
JR \ zZ,e 
00 1°010 0 0] 28 
oo 
Description: 


This instruction provides for conditional branching to. 
other segments of a program depending on the results of 
a test on the Zero Flag. If the flag is equal to a ‘1’, 
the value of the displacement e is added to the Program 
Counter (PC) and the next instruction is fetched from 
the location designated by the new contents of the PC. 
The jump is measured from the address of the instruction 
opcode and has a range of -126 to +129 bytes. The 
assembler automatically adjusts for the twice 
incremented PC. 


If the Zero Flag is equal. to a “0°, the next instruction 
to be executed is taken from the location following this: 
instruction, : 


If the condition is met: 

M CYCLES: 3. T STATES: 12(4,3,5) '4 MHZ E.T.: 3.00 
If the condition is not net: | 
M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75 
Condition Bits Affected: None | 
Example: 


3 


The Zero Flag is set and it is required to jump forward 
5 locations from address 300. The following assembly 
language statement is used: 


ace 


JR Z,$ +5 


The resulting object code and final PC value is shown 
below: 


Location Instruction 

300 28 

301 03 

302 — 

303 = 

304 —— 2 
305 <— PC after jump 


9R9 


JR NZ, e 


Operation: If Z=1, continue 
If Z=0, PC «+PCt+e 


Format: . 
Opcode Operands 


JR NZ,e 


OF Bde 0, 0" 208 30 29 


oS 


Description: 


This instruction provides for conditional branching to 
other segments of a program depending on the results of 
a test on the Zero Flag. If the flag is equal to a “0’, 
the value of the displacement e is added to the Program 
Counter (PC) and the next instruction is fetched fron 
the location designated by the new contents of the PC, 
The jump is measured from the address of the. instruction 
opcode and has a range of -126 to #129 bytes. The 
‘assenbler automatically adjusts for the twice 
incremented PC. 


If the Zero Flag is equal to a “1”, the next instruction 
to be executed is taken from the location following this 
instruction, 

If the condition is met: . 

M CYCLES: 3 TE SIATE Se 124.340) 4 MHZ E.T.: 3.00 

If the condition is not met: 

M CYCLES: 2 T STATES: 7(4,3) ‘4 MHZ E.T.: 1.75 
Condition Bits Affected: None 


Example: 


The Zero Flag is reset and it is required to jump back 4 
locations from 480. The assembly language statement is: 


“IR NZ,S=-4 


The resulting object code and final PC value is shown 
below: 


Location Instruction 

47C <_— PC after jump 
47D —_— 

47E | — 

47F —_— 

‘480 20 

481 FA (2° complement-6) 


JP (HL) 


Operation: PC«HL 
Format: 
Opcode Operands 


JP (HL) 


bed hy TO! Oe ES 


Description: 

The Program Counter (register pair PC) is loaded with 
the contents of the HL register pair. The next 
instruction is fetched from the location designated by 
the new contents of the PC, 

M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: None 

Example: 

If the contents of the Program Counter are 1000H and the 
contents of the HL register pair are 4800H, after the 
execution of & 


“JP (HL) 


the contents of the Program Counter will be 4800H. 


JP (x3) 


Operation: PC<IX 


Format: 
Opcode Operands 


JP ee 6 6) 


| OS ee oe Mee ae eo a Eg 


Description: 

The Program Counter (register pair PC) is loaded with 
the contents of the IX Register Pair. The next 
instruction is fetched from the location designated by 
the new contents of the PC. 

M CYCLES: 2 T STATES: 8(4,4) 4 MHZ E.T.: 2.00 
Condition Bits Affected: None 


Example: 


If the contents of the Program Counter are LOOOH, and 
the contents of the IX Register Pair are 4800H, after 
the execution of 
JP (IX) : 


the contents of the Program Counter will be 4800H. 


arr 


JP (UY) 


Operation: PC<IY 
Format: \ 
Opcode Operands 


JP CEY) 


: eet ec ie 2 es CP a? a E9 


Description: 


The Program Counter (register pair PC) is loaded with 
the contents of the IY Register Pair.: The next 
instruction is fetched from the location designated by. 
the new contents‘of the PC. , 


M CYCLES: 2  T STATES: 8(4,4) 4 MHZ E.T.: 2.00 
Condition Bits Affected: None 

Example: 

If the contents of the Program Counter are !LOOOH and the 


contents of the IY Register Pair are 4800H, after the 
execution of 


JP oCEY) 


the contents of the Program Counter will be 4800H. 


Ne? 


DRR 


LDIIJNZ, e 


‘Operation: — 
Format: 
Opcode Operand 


DJNZ e 


000109 0 9 19 
ee 7 re ene eee a 


Description: 


This instruction is similar to the conditional jump 
instructions except that a register value is used to 
determine branching, The B register is decremented and 
Lif anon zero value remains, the value of the 
displacement e is added to the Program Counter (PC). 
The next instruction is fetched from the location 
designated by the new contents of the PC. The jump is 
measured from the address of the instruction opcode and 
has a range of -126 to +129 bytes. The assembler 
automatically adjusts for the twice incremented PC, 


If the result of decrementing leaves B with a zero 
value, the next instruction to be executed is taken from 
the location following this instruction. 

If BO: 

M CYCLES: 3 T STATES: 13(5,3,5) 4 MHZ E.T.: 3.25 

If. B=0: 

i CYCLES: 2 | T STATES: 85°53) 4 MHZ Est.: 2.00 
Conattasn Bits Affected: None 

Exanpie 7 

A typical software routine is used to demonstrate the 


use of the DJNZ instruction, This routine moves a Line 
from an input buffer (INBUF) to an output buffer 


9cen 


(OUTBUF). It moves the bytes until it finds a CR, or 
until it has moved 80 bytes, whichever occurs first. 


LD B,80 ;Set up counter 
‘LD ’ HL,Inbuf ;Set up pointers 
LD DE,Outbuf 
LOOP: LD A, (HL) ;Get next byte from 
sinput buffer 
LD (DE),A 3;Store in output buffer 
CP ODH ;Is it a CR? 
JR. Z,DONE | ;Yes finished 
INC HL ;Increment pointers 
INC DE 
DJINZ LOOP ;Loop back if 80. 


;bytes have not 
;been moved 
DONE: 


96N 


“CALL AND RETURN GROUP- 


arn 


CALL nn 


Operation: (SP-1) «PCy. (SP-2) — PC_ - PC< nn 


Format: 
Opcode Operands 
CALL nn 
Ae WO SO lo scde Sed CD 
SS) ee 
re) rn 
Note: The first of the two n-operands in the assembled 


object code above is the least significant byte of a 
two-byte memory address. 


Description: 


The current contents of the Program Counter (PC) are 
pushed onto the top of the external memory stack. The 
operands nn are then loaded into the PC to point to the 
address in memory where the first opcode of a subroutine 
is to be fetched. (At the end of the subroutine,a 
RETurn instruction can be used to return to the original 
program flow by popping the top of the stack back into 
the PC.) The push is accomplished by first decrementing 
the current contents of the Stack Pointer (register pair 
SP), loading the high-order byte of the PC contents into 
the memory address now pointed to by the SP; then 
decrementing SP again, and loading the low-order byte of 
the PC contents into the top of stack. Note: Because 
this is a 3-byte instruction, the Program Counter will 
have been incremented by 3 before the push is executed. 


M CYCLES: 5 FT STATES? “1704535453 5-3) 4 MHZ E.T.: 4.25 


Condition Bits Affected: None 


Example: 
If the contents of the Program Counter are l1A47H, the 
contents of the Stack Pointer are 3002H, and memory 


locations have the contents: 


Location Contents 


1A47H CDH 
1A48H | 35H 
1A49H 21H 


then if an instruction fetch sequence begins, the 
three-byte instruction CD3521H will be fetched to the 
CPU for execution. The mnemonic equivalent of this.is 


CALL 2135H 


After the execution of this instruction, the contents of 
memory address 3001H will be LAH, the contents of 
address 3000H will be GAH, the contents of the Stack 
Pointer will be 3000H, and tne contents of the Program 
Counter will be 2135H, pointing to the address of the 
First opcode of the subroutine now to be executed. 


CALL cc, nn 


Operation: IF cc TRUE: (SP-1) —PC,, 
(SP-2) — PC, ,PC + nn 


Format: 


Opcode Operands 


CALL cc,nn 


Note: The first of the two n operands in the assembled 
object code above is the least significant byte of the 
two-byte memory address. 


Description: 


If condition cc is true, this instruction pushes the 
current contents of the Program Counter (PC) onto the 
top of the external memory stack, then loads the 
operands nn into PC to point to the address in temory 
where the first opcode of a subroutine is to be fetched. 
(At the end of the subroutine, a RETurn instruction can 
be used to return to the original program flow by 
popping the top of the stack back into PC.) ff 
condition cc is false, the Program Counter is 
incremented as usual, and the program continues with the 
next sequential instruction. The stack push is 
accomplished by first decrementing the current contents 
of the Stack Pointer (SP), loadi ie the high-order byte 
of the PC contents into the memory address now pointed 
to by SP; then decrementing SP again, and loading the 
low-order byte of the PC contents into the top of the 
stack. Note: Because this is a 3-byte instruction, the 
Program Counter will have been incremented by 3 before 





the push is executed. Condition cc is programmed as one 
of eight status which corresponds to condition bits in 
the Flag Register (register F). These eight status are 
defined in the table below, which also specifies the 
corresponding cc bit fields in the assembled object 
code; 


cc Condition Relevant 
Flag 
000 NZ non zero vA 
001 Z zero. Zz 
010 NC non carry C 
O1ll C carry C 
100 PO parity odd P/V 
101 PE parity even P/V 
110 P sign positive S 
S 


111 M sign negative 
If cc is true: _ 

M CYCLES: 5 T STATES: 17(4,3,4,3,3) G RAZ Bales e295 
.If ce is false: 

M CYCLES: 3 T STATES: 10(4, 3,3) 4 MHZ E.T.? 2.50 
Condition Bits Affected: None 

Example: | 

If the C Flag in the F register is reset, the contents. 
of the Program Counter are LA47H, the contents of the 


Stack Pointer are 3002H, and memory locations have the 
contents: 


Location Contents 
1A47H D4H 
1A48H 35H 
LA49H 21H 


then if an instruction fetch Sequence begins, the 
three-byte instruction D43521H will be fetched to the 
CPU for execution, The mnemonic equivalent of this is 


CALL NC,2135H 


arr 


After the execution of this instruction, the contents of 
memory address 3001H will be I1AH, the contents of 
address 3000H will be 4AH, the contents of the Stack 
Pointer will be 3000H, and the contents of the Program 
Counter will be 2135H, pointing to the address of the 
first opcode of the subroutine now to be executed. 


RET 


Operation: PC; ~ (sp). PCy- (SP+1) 
Format: 
Opcode 


RET 


Ped, Os" Ds O20" cs 


Description: 


The byte at the memory location specified by the 
contents of the Stack Pointer (SP) register pair are 
moved to the low order eight bits of the Program Counter 
(PC). The SP is now incremented and the byte at the 
memory location specified by the new contents of the SP 
are moved to the high order eight bits of the PC. The 
SP is now incremented again. The next op code following 
‘this instruction will be fetched from the menory 
location specified-by the PC. This instruction is 
normally used to return to the main line program at the 
completion of a routine entered by a CALL instruction. 


M CYCLES: 3 T STATES: 10(4,3,3) 4 MHZ E.T.: 2.50 
Condition Bits Affected: | None 


Example: 

‘If the contents of the Program Counter are 3535H, the 
contents of the Stack Pointer are 2000H, the contents of 
memory location 2000H are BSH, and the contents of 
memory location 2001H are 18H,.then after the execution 
of 


RET 
the contetns of the Stack Pointer will be 2002H and the 


contents of the Program Counter will be 18B5H, pointing 
to the address of the next program opcode to be fetched. 


RET cc 


Operation: IF cc TRUE: PC, + (SP), PCyy< (SP+!) 
Format: | 
Opcode © Operand 


RET cc 


AL ol eee Cece. 0 8G 


Description: 


If condition cc is true, the byte at the memory location 
specified by the contents of the Stack Pointer (SP) 
register pair are moved to the low order eight bits of 
the Program Counter (PC). The SP is now incremented and 
the byte at the memory location specified by the new 
contents of the SP are moved to the high order eight 
bits of the PC. The SP is now incremented again. The 
next op code following this instruction will be fetched 
from the memory location specified by the PC. This 
instruction is normally used to return to the main line 
program at the completion of a routine entered by a CALL 
instruction. If condition ce is false, the PC is simply 
incremented as usual, and the program continues with the 
next sequential instruction. Condition cc is programmed 
as one of eight status which correspond to condition 
bits in the Flag Register (register F). These eight 
Status are defined in the table below, which also 
specifies the corresponding cc bit fields in the 
assembled object code. 


cc Condition Relevant 


Flag 
000 NZ non zero Z 
001 Z zero Z 
010 NC non carry C 
011 C carry Cc 
100 PO parity odd P/V 
10l | . PE parity even P/V 
110 P sign positive S 

$ 


PEt M sign negative 


If ce is true: 


M CYCLES; 3 T STATES: 11(5,3,3) 4 MHZ E.T.: 2.75 
If cc is false: 
M CYCLES: 1  £=T STATES: 5 4 MHZ E.T.: 1.25 
Condition Bits Affected: None 
Example: 
If the S flag in the F register is set, the contents of 
the Program Counter are 3535H, the contents of the Stack 
Pointer are 2000H, the contents of memory location 2000H 
are BS5H, and the contents of memory location 2001H are 
18H, then after the execution of 

RET M 
the contents of the Stack Pointer will be 2002H and the 


contents of the Program Counter will be I18B5H, pointing 
to the address of the next program opcode to be fetched. 


A779 


RETI 


Operation: Return from interrupt 


Format: 


Opcode 


RETI 


dy ek). b= eh Om. 2 ED 


O22 E Oe. Oe hh ad 4D 


Description: 


This instruction is used at the end of a maskable 
interrupt service routine to: 


l. 


2% 


Restore the contents of the Program Counter (PC) 
(analogous to the RET instruction) 


To signal an I/O device that the interrupt routine 
has been completed. The RETI instruction also 
facilitates the nesting of interrupts allowing higher 
priority devicess to temporarily suspend service of 


lower priority service routines. Note: This 


instruction does not enable interrupts which were 
disabled when the interrupt routine was entered. 
Before doing the RETI instruction, the enable 
interrupt instruction (EI) should be executed to 
allow recognition of interrupts after completion of 
the current service routine. 


M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T.: 3.50 


Condition Bits Affected: | None 


Example: 


Given: Two interrupting devices, A and B connected in a 
daisy chain configuration with A having a higher 
priority chan B. 


A B 


+ 





INT 


B generates an interrupt and is acknowledged. (The 
interrupt enable out, IEO, of B goes low, blocking any 
lower priority devices from interrupting while B is 
being serviced). Then A generates an interrupt, 
suspending service of B. (The IEO of A goes “low” 
indicating that a higher priority device is being , 
serviced.) The A routine is completed and a RETI is 
issued resetting the IEO of A, allowing the B routine to 
continue. A second RETI is issued on completion of the 
-B routine and the IEO of B is reset (high) allowing 
lower priority devices interrupt access. 


ATA 


SETN 


Operation: Return from non maskable interrupt 
Format: 
Opcode 


RETN 


Lo al* Oe Dd Beef. SED 


O-) 0, '0- O--L deh 45 


Description: 


This instruction is used at the end of a non=-maskable 
interrupt service routine to restore the contents of the 
Program Counter (PC) (analogous to the RET instruction). 
The state of IFF2 is copied back into IFFl1 so ‘that 
maskable interrupts are enabled immediately following 
the RETN if they were enabled before the non-maskable 
interrupt. 


M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T.: 3.50 
Condition Bits Affected: None’ 
Example: : 


If the contents of the Stack Pointer are 1000H and the 
contents of the Program Counter are IA45H when a non 
maskable interrupt (NMI) signal is received, the CPU 
will ignore the next instruction and will instead 
restart to memory address QO0O66H. That is, the current 
Program Counter’ contents of LA45H will be pushed onto 
the external stack address of OFFFH and OFFEH, high 
order-byte first, and 0066H will be loaded onto the 
Program Counter. That address begins an interrupt 
service routine which ends with’ RETN instruction. Upon 
the execution of RETN, the former Program Counter 
contents are popped off the external memory stack,’ 
low-order first, resulting in a Stack Pointer contents 
again of |LO00OH. The program flow continues where it 
left off with an opcode fetch to address l1A45H. 


order-byte first, and 0066H will be loaded onto the 
Program Counter. That address begins an interrupt 
service routine which ends with RETN instruction, Upon 
the execution of RETN, the former Program Counter 
contents are popped off the external memory stack, 
low-order first, resulting in a Stack Pointer contents 
again of LOOQOH. The program flow continues where it 
left off with an opcode fetch to address ILA4SH, 


AST pv 


Operation: (SP-1)—PCy , (SP-2)—PCy , PCyy-0, PC, -P 
-Format: 
Opcode Operand 


RST p 


eee eT 4 


Description: 


The current Program Counter (PC) contents are pushed 
onto the external memory stack, and the page zero nemory 
location given by operand p is loaded into the PC, 
Program execution then begins with the opcode in the 
address now pointed to by PC. The push is performed by 
first decrementing the contents of the Stack Pointer 
(SP), loading the high-order byte of PC into the memory 
address now pointed to by SP, decrementing SP again, and 
loading the low-order byte of PC into the address now 
pointed to by SP. The ReSTart instruction allows for a 
jump to one of eight addresses as shown in the table 
below, The operand p is assembled into the object code 
using the corresponding T state. Note: Since all 
addresses are in page zero of memory, the high order 

byte of PC is loaded with OOH. The number selected 
from the ‘p" column of the table is loaded into the 
low-order byte of PC, 


Pp t 
OOH 000 
08H 001 
LOW) 4. 7OTE 
18H 011 
20H 100 
28H 101 
301 110 
38H sd 


M CYCLES: 3 Tf STATES: (1145 35:3) & MHZ) Belt 2e75 


! 


Example: 


If the contents of the Program Counter are 15B3H, after 
the execution of 


RST 18H (Object code 1LILOILL11) 


the PC will contain 0018H, as the address of the next 
opcode to be fetched. 


-INPUT AND OUTPUT GROUP- 


IN A, Cn) 


Operation: A= (n) 
Format: | 
Opcode Operands 


IN A, (n) 


Description: 


The operand n is placed on the bottom half (AO through 
A7) of the address bus to select the I/0 device at one 
of 256 possible ports. The contents of the Accumulator 
also appear on the top half (A8 through A115) of the 
address bus at this time. Then one byte from the. 
selected port is placed on the data bus and written into 
the Accumulator (register A) in the CPU. 


M CYCLES: 3 T. STATES? -11:046,:34) Q> MHZ ESE. t24.75 
Condition Bits Affected: None 

Example: 

If the contents of the Accumulator are 23H and the byte 
7BH is available at the peripheral device mapped to I/0 
port address OlH, then after the execution of 


IN A,(O1H) 


the Accumulator will contain 7BH. 


NAT 


909 


IND or,- CCod 


Operation: r<«(C) 
Format: 
Opcode Operands 


IN r,(C) 


O eee eo 0: 


Description: 


The contents of register C are placed on the bottom half 
(AQ through A7) of the address bus to select the I/0 
device at one of 256 possible ports. The contents of 
Register B are placed on the top half (A8 through Al15) 
of the address bus at this time. Then one byte from the 
Selected port is placed on the data bus and written into 
register r in the CPU. Register r identifies any of the 
CPU registers shown in the following table, which also 
shows the corresponding 3-bit "r" field for each, The 
flags will be affected, checking the input data. 


Reg. rE 





000 
001 
010 
O1ll 
100 
101 
111 


rrmnmogow 


M CYCLES: 3 T STATES: 12(4,4,4) 4 MHZ E.T.: 3.00 


Ann 


Condition Bits Affected: 


S: Set if input data is negative; 
reset otherwise 
-Z: Set if input data is zero; 
reset otherwise 
H: Reset 


P/V: Set if parity is even; 
reset otherwise 
Ns: Reset 
C: Not affected 


Example: 

If the contents of register C are O7H, the contents of 
register B are 10H, and the byte 7BH is available at the 
peripheral device mapped to I/0 port address O7H, then 


after the execution of 


IN D,(C) 


AON 


IND 


Operation: (HL)«(C), B« B-1, HL<«HL+1 
Format: 
Opcode 


INT 


Description: 


The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to select the 1/0 
device at one of 256 possible ports, Register B may be 
used as a byte counter, and its contents are placed on 
the top half (A8 through A15) of the address bus at this. 
time. Then one byte from the selected port is placed on 
the data bus and written to the CPU. The contents of 
the HL register pair are then placed on the address bus 
and the input byte is written into the corresponding 
location of memory. Finally the byte counter is 
decremented and register pair HL is incremented. 


M CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 
Condition Bits Affected: 
S: Unknown 


Zee Set if B-1l=0; 
reset otherwise 


H: Unknown 
P/V: Unknown 
Nes Set 
Cs Not affected 


Example: 


If the contents of register C are O7H, the contents of 
register B are 10H, the contents of the HL register pair 
are lLOOOH, and the byte 7BH is available at the 
peripheral device mapped to I/O port address O7H, then 


anr 


after the execution of 
INI 
memory. location LOOOH will contain 7BH, the HL register 


pair will contain lLOOLH, and register B will contain 
OFH, 


anaAL 


INTR 


Operation: (HL)-(C), B+B-1, HL-~HL+1 
Format: 
Opcode 


INIR 


i 0 1. 1-0" H 1° 6 B2 


Description: 


The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to seléct the I/0 
device at one of 256 possible ports. Register B is used 
as a byte counter, and its contents are placed on the 
top half (A8 through AL5) of the address bus at this 
time. Then one byte from the selected port is placed on 
the data bus and written to the CPU. The contents of 
the HL register pair are placed on the address bus and 
the input byte is written into the corresponding 
location of memory. Then register pair HL is 
incremented, the byte counter is decremented. I[f 
decrementing causes B to go to zero, the instruction is 
terminated. If B is not zero, the PC is decremented by 
two and the instruction repeated. Interrupts will be 
recognized and two refresh cycles will be executed after 
each data transfer. Note that if B is set to zero prior 


to instruction execution, 256 bytes of data will be 
input. 


If B#0: 


M CYCLES: 5 T STATES: 21(4,5,3,4,5) Y MHZ E.T.: 5.25 
If B=0:; 


M CYCLES: 4 T STATES: 16(¢4,5,3,4) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


S$: Unknown 
Z: Set 
H: Unknown 
P/V: Unknown 
N: Set 
C; Not affected 


Example: 


If the contents of register C are 07H, the contents of 
register B are 03H, the contents of the HL register pair 
are LOOOH, and the following sequence of bytes are 
available at the peripheral device mapped to I/O port of 
address 0O7H: 


51H 
AQH 
03H 
then after the execution of 


INIR 


the HL register pair will contain 1003H, register B will 
contain zero, and memory locations will have contents as 
follows: 


Location ' Contents 
‘1000H 51H 
1001H A9H 
1002H - QO3H 


900 


IND 


Operation: (HL) <(C) B «- B-1, HL<HL-1 


Format: 


‘Description: 


The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to select the 1/0 
device at one of 256 possible ports. Register B may be 
used as a byte counter, and its contents are placed on 
the top half (A8 through A15) of the address bus at this 
time. Then one byte from the selected port is placed on 
the data bus and written to the CPU. The contents of 
the HL register pair are placed on the address bus and 
the input byte is written into the corresponding 
location of memory. Finally the byte counter and 
register pair HL are decremented, 

3 \ 


M CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 


“Condition Bits Affected: 


S: Unknown 
i ee Set if B-1=0; 
reset otherwise 
H: Unknown 
P/V: Unknown 
N: Set 
C: Not ‘affected 


Example: 


If the contents of register C are O7H, the contents of 
register B are 1OH, the contents of the HL register pair 
are LOOOH, and the byte 7BH is available at the 


peripheral device mapped to 1/0 poet address O7H, then 
after the execution of 


: IND 
memory location 1000H will contain 7BH, the HL register 


pair will contain OFFFH, and register B will contain 
OFH. 


920n: 


INDR 


Operation: (HL)<«(C). B<-B-1, HL<-HL-1 


Format: 


Description: 


The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to select the I1/0 
device at one of 256 possible ports. Register B is used 
as a byte counter, and its contents are placed on the 
top half (A8 through Al5) of the address,bus at this 
time. Then one byte from the selected port is placed on 
the data bus and written to the CPU.- The contents of 
the HL register pair are placed on the address bus and 
the input byte is written into the corresponding 
location of memory. Then HL and the byte counter are 
decremented. If decrementing causes B to go to zero, the 
instruction is terminated. If B is not zero, the PC is 
decremented by two and the instruction repeated. 
Interrupts will be recognized and two refresh cycles 
will be executed after each data transfer. Note that if 
B is set to zero prior to instruction execution, 256 
bytes of data will be input. 


If B40: 


M CYCLES: 5 i STATES: 21(4,5,3,4,5) MHZ E.T.: 5.25 


Es: B=0: 


M CYCLES: 4  T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


S: Unknown 
Z: Set 
H: Unknown 
P/V: Unknown 
‘ : Set 


C: Not affected 
Example: 


If the contents of register C are 07H, the contents of 
register B are 03H, the contents of the HL register pair 
are lLOOOH, and the following sequence of bytes are 
available at the peripheral device mapped to 1/0 port 
address 07H: 


51H 
A9H 
03H 
then after the execution of 
INDR 
the HL register pair will contain OFFDH, register B will 


contain zero, and memory locations will have contents as 
follows: 


Location Contents 
OFFEH Q3H 
OFFFH ASH 


1000H 51H 


909 


OUT (ni, 


Operation: (n)<A 

Format: 
Opcode Operands 
OUT (n),A 


P07 Oe hs Th og 


Description: 


The operand n is placed on the bottom half (AO through 
A7) of the address bus to select the I/O device at one 
of 256 possible ports. The contents of the Accumulator 
(register A) also appear on the top half (A8 through 
A115) of the address bus at this time. Then the byte 
contained in the Accumulator is placed on the data bus 
and written iato the selected peripheral device. 


“°M CYCLES: 3.  £T STATES: 11(4,3,4) 4 MHZ E.T.: 2.75 
Condition Bits heracted: None 
Example: 


If the contents of the Accumulator are 23H, then after 
the execution of 


OUT (O1H),A 


the byte 23H will have been written to the peripheral 
device mapped to I/O port address Ol1H. 


OUT (0), r 


Operation: (C)<r 
Format: 
Opcode Operands 


OUT (C),r 


O Ll—a——r—0O 0 1 


Description: 


The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to select the 1/0 
device at one of 256 possible ports, The contents of 
Register B are placed on the top half (A8 through Al5) 
of the address bus at this time. Then the byte 
contained in register r is placed on the data bus and 
written into the selected peripheral device. Register r 
identifies any of the CPU registers shown in the 
following table, which also shows the corresponding 
3-bit "“r' field for each which appears in the assembled 
object code: 


Register fr 
000 
001 
010 
Oll 
100 
101 
111 


rrmmoOw 


M CYCLES: 3 T STATES: 12(4,4,4) © 4 MHZ E.T.: 3.00 


Condition Bits Affected: None 
Example: 


If the contents of register C are OLH and the contents 
of register D are SAH, after the execution of 


OUT (C),D 


the byte 5AH will have been written to the peripheral 
device mapped to I/0 port address O1H. 


aAnr 


OUT! 


Operation: (C)<(HL), B«B-1, HL<HL+1 
Format: 
Opcode 


OUTI 


Description: 


The contents of the HL register pair are placed on the 
address bus to select a location in memory. The byte 
contained in this memory location is temporarily stored » 
in the CPU. Then, after the byte counter (B) is 
decremented, the contents of register C are placed on 
the bottom half (AQ through A7) of the address bus to 
select the I/0 device at one of 256 possible ports. 
Register B may be used as a byte counter, and its 
decremented value is placed on the top half (A8 through 
Al5) of the address bus. The byte to be output is 
placed on the data bus and written into selected 
peripheral device, Finally the register pair HL is 
incremented, 


M CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 
“Condition Bits Affected: | 
S: Unknown 


Z: Set if B-1l=0; 
. reset otherwise 


H: Unknown 
P/V: Unknown 
N: Set 
C: Not affected 


Example: 


If the contents of register C are O7H, the contents of 
register B are 10H, the contents of the HL register pair 
are lOOQOH, and the contents of memory address 1000H are 


59H, then after the execution of 
OUTI 
register B will contain OFH, the HL register pair will 


contain 1LOO1H, and the byte 59H will have been written 
to the peripheral device mapped to I/O port address 07H. 


OTIR- 


/ 


Operation: (C)+(HL), B+B1lL HL«~HL+1 
Format: . 
Opcode 


OTIR 


D0. dk OO at) BS 


Description: 


The contents of the HL register pair are placed on the 
address bus to select a location in memory. The byte 
contained in this memory location is temporarily stored 
in the CPU. Then, after the byte counter (B) is 
decremented, the contents of register C are placed on 
the bottom half (AO through A7) of the address bus to 
select the I/0 device at one of 256 possible ports. 
Register B may be used as a byte counter, and its 
decremented value is placed on the top half (A8 through 
Al5) of the address bus at this time. Next the byte to 
be outpuc is placed on the data bus and written into the 
selected peripheral device. Then register pair HL is 
incremented... If the decremented B register is not zero, 
the Program Counter (PC) is decremented by 2 and the 
instruction is repeated. If B has gone to zero, the 
instruction is terminated. Interrupts will be recognized 
and two refresh cycles will be executed after each data 
transfer. Note that if B is set to zero prior to 
instruction execution, the instruction will output 256 
bytes of data. _ = 


If B#0: 


M CYCLES: 5 ‘T STATES: 21(4,5,3,4,5) 4 MHZ E.T.: 5.25 


I£ B=0: 


-M CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


S: Unknown 
Z3 Set 
H: Unknown 
P/V: Unknown 
N:  ° Set 
C: Not affected 


Example: 


If the contents of register C are 07H, the contents of 
register B are 03H, the contents of the HL register pair 
are 1000H, and memory locations have the following 
contents: 


Location Contents 
1000H 51H 
l1001H A9H 


1002H 03H 
then after the execution of 
OTIR 


the HL register pair will contain 1003H, register B will 
contain zero, and a group of bytes will have been 
written to. the peripheral device mapped to 1/0 port 
address 07H in the following sequence: 


51H 


ASH 
03H 


AAmM 


OUTD 


Operation: (C)<«(HL), B<«B-1, HL<HL-1 


Format: 


Description: 


The contents of the HL register pair are placed on the 
address bus to select a location in memory. The byte 
contained in this memory location is temporarily stored 
in the CPU. Then, after the byte counter (B) is , 
decremented, the contents of register C are placed on 
the bottom half (A0 through A7) of the address bus to 
select the I/O device at one of 256 possible ports. 
Register B may be used as a byte counter, and its 
decremented value is placed on the top half (A8 through 
Al5) of the address bus at this time. Next the byte to 
be output is placed on the data bus and written into the 
selected peripheral device. Finally the register pair 
HL js decremented. ; 


M CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


8S: Unknown ‘ 
Z3 Set if B-1=0; 
‘reset otherwise 


Hi Unknown 
P/V: Unknown 
N: Set 


Cs Not affected 
Example: 


If the contents of register C are O7H, the contents of 


register B are 10H, the contents of the HL register pair 
are lLOOOH, and the contents of memory location 1000H are 
59H, after the execution of . ; 


OUTD 
register B will contain OFH, the HL register pair will 


contain OFFFH, and the byte 59H will have been written 
to the peripheral device mapped to I/O port address O/7H. 


OTDR 


Operation: (C)+-(HL), B<«-B-1. HL<«HL-1 
Format: 
Opcode 


OTDR 


Description: 


The contents of the HL register pair are placed on the 
address bus to select a location in memory. The byte 
contained in this memory location is temporarily stored 
in the CPU. Then, after the byte counter (B) is 
decremented, the contents of register C are placed on 
the bottom half (AO through A7) of the address bus to 
select the I/0 device at one of 256 possible ports. 
Register B may be used as a byte counter, and its 
decremented value is. placed on the top half (A8 through 
Al5) of the address bus at this time. Next the byte to 
be output is placed on the data bus and written into the 
selected peripheral device. Then register pair HL is 
decremented and if the decremented B register is not 
zero, the Program Counter (PC) is decremented by 2 and 
the instruction is repeated. If.B has gone to zero, the 
instruction is terminated. Interrupts will be 
recognized and two refresh cycles will be executed after 
each data transfer. Note that if B is set to zero prior 
to instruction execution, the instruction will output 
256 bytes of data. 


If BO: 
M CYCLES: 5° T STATES: 21(4,5,3,4,5) 4 MHZ E.T.: 5.25 
Lf Be0: 


M CYCLES: 4 T STATES? 1604555336) 4 MHZ E.T.: 4.00 


Condition Bits Affected: 


S: Unknown 

Zs Set 

H: Unknown 
P/V: Unknown 

Ns: Set 

C 


: Not affected 
Example: 


If the contents of register C are O7H, the contents of 
register B are 03H, the contents of the HL register pair 
are lLOOOH, and memory locations have the following 


contents: ce 
wilh ows. es 


Location Contents 
OFFEH 51H 
OFFFH AQH 
-LOOOH 03H 


then after the execution of 
OTDR 


the HL register pair will contain OFFDH, register B will 
contain zero, and a group of bytes will have been 
written to the peripheral device mapped to 1/0 port 
addres 07H in the following sequence: 


03H 


AQH 
51H 


anA 


Z80 CPU INSTRUCTION SET 


ALPHABETICAL 
ASSEMBLY. MNEMONIC OPERATION PAGE 
ADC HL,ss Add with Carry Reg. pair ss to HL................ 161 
ADC A,s Add with carry operand S tO ACCe..s.cccceceeeeees. 145 
ADD A,n Add Sratite: 4-8: ACE bene eine devin iteewsedisantedesiea vee sen, 109 
ADD A,r Add Regs, -f C0 ACC's pisacdcivaccsecdtedinpostesses ated saasweeed 107 
ADD A,(HL) Add location (HL) to ACCe...ceciecccceccsceececcccesceee 110 
ADD A, (IX+d) Add location (IX+d) to Acc.............0085 emelen ove 111 
ADD A,(IY+d) Add location CIY4$d) Co Ae cecccccccccccccccnccccscecs 113 
ADD HL,ss Add Reg... pale ss’ €0 Whi sessaseds teussiviicnevecnetes 159 
ADD IX,pp Add Reg. pair pp to IX Loic ccc seceeecceecaecs 165 
ADD IY,rr Add Reg. pair rr to [Y....... ah aidielatediatle's avons Seber ss 167 — 
AND s Logical “AND’ of operand s and Acc......... sete 21 
BIT b, (HL) Test. BIT b of location: CHL) sascssesicecctaseaeasncs 225 
BIT b, (IX+d) Test BIT b of location (IX+d)....0. 227 
BIT b,(LY+d) Test BIT b of location (IYtd)..........cccc cece cee ~. 229 
BIT b,r Lest, BET. bok. Regs tices Sei gck ce anakadaaweweuehes es 223 
CALL cc,nn Call subroutine at location nn if 

SOMA EL ON, OG Ss UP Ive ky ca niveaesudidawwedviortnestaedsiews 265 
CALL nn Unconditional call subroutine 
at: WO ee CLOR: “Hil, beaut sten auntie eet tele 263 
CCF ; Complement Carry L1AaQ ...rirrcrcccccccsccccscasccncvevccecs 147 
CP s Compare operand .swhth ACC .5 cote ccwevennedicuces 127 
CPD Compare location (HL) and Acc. 

decrement HL and BC... c cee ecw eee cceceneeeeees 101 
CPDR ‘Compare location’.(HL) and Acc. 

decrement HL and BC, 

repeat until BC=0............... eG ba tia dnkdGs Sone lo cena 103 
CPI - Compare location (HL) and Acc. 

increment HL and decrement BC.......cccesececcceneees 97 
CPIR Compare location (HL) and Acc. 

increment HL, decrement BC 

: Fepeat: Un ti). BOAO i vicusciarscusaneteascenssegucerseeeieies 99 

CPL , . Conplement. Ae. CIS: ‘COnip) oi «ssseescsicrascnewiccs ween 143 
-DAA Decimal adfuSt ACCe .oriciccecccceccesecceeeceeees Radars 144 
DEC Decretent ope raw) Mee csre ee seeshon seca lei uae tees ieaxeiaass 137 
DEC IX Decrement CX: sxisete ese ncahvenatece hi iudcespsneadivageusey’s 173 
DEC IY Diese remen-ts LLY tisia ase cseesae satin Mila seee Js od oihebaias el aii ee «- 174 
DEC ss Decrement REQ.~” PALL SS eecercscccccccccccccccocsccecccteces 172 
DI , Disable LWter rup CSciceaseciicoronscctaaes oeiwasadseoseds 151 
DJNZ e Decrement B and Jump 

PelaCivGr 2f - BAO sae at 4 oe dew eee Eee a le Aigeiee as 259 
EI Enable Ante rru pts: -iciccecs Ge ees ete eek LSS Lene 152 
EX (SP),HL Exchange the location (SP) 


MGS CHL. se: aoe aca is estilo se. No as a se 9 STS aN G a a Baca wr aw. eee 86 


EX (SP),IX 
EX (SP),1Y 


EX AF,AF’ 
EX DE,HL 
EXX 


HALT 

IM 0 

IM 1 

IM 2 | 
IN A,(n) 


IN r,(C) 


INC (HL) 
INC IX 

INC (IX+d) 
INC IY 

INC (1Y+d) 
INC ¢r ; 
INC ss 

IND 


INDR 


INI 


INIR 


JP (HL) 
JP (IX). 
JP (IY) 
JP cc,nn 


JP nn 
JR C,e 


JR e 


JR NC,e 


Exchange the location (SP). 


Ald! OLX: ios saree il esacnd esas ened ond wees ee caitine owl aie’ saltw lures Sen ioertsiess 87 
Exchange the location (SP) aplans 
Qs OY 55 Wie var ee fend sds vedwh s sotea Salah ec sieneand Soabeuses vaese ees 88 
Exchange the contents of AF and.-AF”.,........... 84 
Exchange the contents of DE and BL.............. 83 


Exchange the contents of 
BC,DE,HL with contents of 


BC’ DE" HL tes per t VE) ¥ .sadas hes fu tesweecawdeostein cae 85 
HALT (wait for interrupt or reset).............. 150 
Sef. Tnrte-rrupe mode O° cvcvscisnciuivispescessssdie coueeess 153 
Set interrupt mode lL Loic cece cee eee eees 154 
Set dnterrupt -mo0de@> .2- ccs iscdesial 'S sive Ceuee beeiaeere see LOD 
Load the Acc. with ; 
TOP WE EF COM EV LCS Nl coiccvecuesccaveasieoees ceseseaysanns tee’ 281 
Load the Reg. r with 

input from device (C)....cccrcscecssronsssegeeteresseneees 283 
Increment: lLocatlon: (HL). icscsoccccccccccsscscocecaces ek 134 
PMC PemMen- 6 “LA ccehiiscta suas aaihaacigensassetvetuoacaveueaen bees 170 
Increment location (IXtd) ...cccciccc cece eee e cence eens 133 
Pmerememt. Yiannis sect eines coos cceeeas o¥otecr ange ves tases 171 
Increment Location (LYtd). ccc ccc ccc cece cece ces 135 
Tae Pome me “RO gs 36 01.55. ctntedacliiaymaaxeoed eumeiae aaa 129 
LNnCrenent: REG.  PaLe SS iss cveeccevsacecsecnatevaterasees 169 


Load location (HL) with 

input from port (C), 

decrement HD and) Bye. avesagubessesgssinantestse scenes 289 
Load location (HL) with 

input from port (C), 

decrement HL and decrement B, 


repeat (Mw G Ld BO oie is: 2c ch aeagencrntaties eats tee seis 291 


Load location (HL) with 

input from port (C); 

and increment HL and decrement B ............c0008 285 
Load location (HL) with , 

input from port (C), 

increment HL and decrement B, 


Pepe a ty URE LE Be i. bs eas veedslaescedccarearseudepeneeeaes 287 
Unconditional Jump to (HL).........0008. sien baraeaaee 255 
Unconditional Jump tio CUR) usc nsssietecetterstiieesen - 256 
Unconditional “Jwmp: £0 CY )iscccscewssus cieeenend tied 257 - 
Jump to location nn 

if condition ce, 1s: few) iiss caceeiecketas caseaacemiccines 243 
Unconditional jump to location nn...,........... 241 
Jump relative to 

PCH 46 sea er ys Dis eels ocd cad Pednes ts eyileseen OAT 
Unconditional Jump. 

relative to PCt+e ..... lee eee kgcawessddiisese senha h 245 
Jump relative to 

BGG? dk ee Oy Oak is idee sew ue use data ata eee eeg nae 249 


9NC 


JR 
JR 


LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LF 
wa 
. LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 


LDD 


NZ,e 


Z,@ 


A, (BC) 


A, (DE) 
A,1 

A, (nn) 
Ay Re 
(BC),A 
(DE),A 
(HL) ,n 
dd,nn 
dd, (nn) 
HL,(nn) . 
(HL),¢& 
I,A 
IX,nn 
IX, (nn) 
(IX+d),n 


(IX+d),c 


TY,nn 
IY, (nn) 


(LY+d),n- 


(IY+d),r 
(nn),A 
(nn) ,dd 
(nn),HL 
(nn),IX 
(nn),IY 
R,A 

r, (HL) 
r,(I1X+d) 


r,(LY+d) 


r,n 
r,t" 

SP,HL 
SP,IX 
SP,IY 


LDDR 


Jump 
PCt+e 
Jump 
PC+e 
Load 
Load 
Load 
Load 


Load 


Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 


decrement DE,HL and BC 


relative 


to 


L£ non zero (220)... ccc ccc ccc ccuceceeceee 
relative to 
LE Seo. CLS) ic scde eesti. deatictieos Coeweiaes cients ccks 


with 
with 
with 
with 
with 


Acc. 
Acc. 
Acc. 
Acc. 
Acc. 


location (BC) with 
location (DE) with 
location (HL) with 


Reg. 
Reg. 


pair 
pair 


location 
location 


CeCe ee mere srereseeneeereceene 


location 
Reg. R 


ee ee ers 
ee ee os 


dd with value nn 


“dd with location (nn)........... 


HL. with. 1ocatton Can) 2552s ideseterseseen 


location 


I with Acc. 


(HL) with Reg. r 


eee ee eee ee ey 


ns 


IX with location (nn)... ccc c eee e eee 


location 
location 


‘TY with value nan 


location 
location 
location 
location 
location 
location 
location 
R with 
Reg. r 
Reg. r 
Reg. r 
Reg. r 
Reg. r 


wi 
wi 
wi 
wi 
wi 


SP with HL’ 
SP with IX 
SP with IY 


location 


Acc. 


(IX+d) with value n................ 
(TXtd) with Reps rocsscscs 


Some e meres erence aeenererecneneesesee 


(LY+d) with Reg. r 
(nn) 
(nn) 
(nn) 
(nn) 
(nn) 


WIN NC Cie yess cctaeiig ceacsatuadaae 
with 
with 
with 
with 


Cr 


eee eee ee ee ee ee ry 


meee meee rae e eens e essere sereeresersrsenrenresan 


th 
th 
th 
th 
th 


location (LY+td).................. 
value n 
Reg. r 


ee eres 
ee i) 
Peewee eee ae eeersresaesecerseerrseseessesesssesesene 
ee eee eee eee eee eee ee ee ee 
ecm e ee soccer ess cece sreseeteeerecreserecessneece 


(DE) with location (HL), 


Load location (DE) with location (HL), 


‘decrement DE,HL and BC; 
repeat until BC=0 


i oe i ee er ee rary 


LDI 


LDIR 


NEG 
‘NOP 
OR s 
OTDR 


OTIR 


SOUP Cejior 
OUT (n),A 
OUTD 


OUTI 


POP IX 

POP IY 

POP qq 

PUSH IX 
PUSH. LY 
PUSH qq 
RES b,m 
RET 

RET cc 


RETI 

RETN 

RL m 

RLA 

RLC (HL) 
RLC (1X+d) 
RLC (I1Y+d) 
RLC fr 

RLCA 

RLD 


RR mo 
RRA 
RRC m 


Load location (DE) with location (HL), 
increment DE,HL, decrement BC............... jane cee 89 
Load location (DE) with location (HL), 
increment DE,HL, decrement 


BC and repeat until BC#=0.................. patho ais.cihetes 91 
Negate Acc. “(2"s complement) ccdoinnictisceuecesnd. 145 
‘No OPE TS CLO Ne ses lie daciewnnls Ss th oe Wibie olde cise ecaced lead cies vis ay 149 
Logical “OR” of operand s and Acc............... 123 


Load output port (C) with location (HL) 
decrement HL and B, . 

repeat until B=0 .2..36:5.3 beth ager extn oatiiard Rees Gian south 303 
Load output port (C) with location (HL), 
increment HL, decrement B, 
Pepeet. Until, B20 y2 22 pnts cunidessvadeusanieasa eareelaee aks 299 


Load“output port (C) with Reg. f£.................. 295 
Load sutput. pore. (i) WiOh AC G.< sic vel oincdereeries 293 
Load output port (C) with location (HL), 

decriemene: HL: anid’ Biccistesstscesvess cane dee deste sine teievnets 301 


Load output port (C) with location (HL), 


increment “Ub and “deeremen®, ysis: fucivectetesseds 297 
Load DX wien top of Seach acco sii ecaoar, 79 
Load Ti With Cop: Of Stack cio uienesrsectiusesstes . 80 
Load Reg. pair qq with top of stack ............ 77 
‘Load: TX. OME O “SEAS Us. 6 cao, ne camngutsumessardeiaacaet snare 75 
lowed: - bX ORG SESE pn A, sews dooledhieinesshelahawesweten 76 
Load“ Refs. Palr qq. .ONEO stave ks coc csavaserpyecaions 74 
Reset Bit b of operand OM... cece eee ee eee ceees 237 
Return: from Sub row ete oy ols iwtceidt eye ven gyes asad ane’ 269 
Return from subroutine if condition 

GG LS) BRU 9) osetia sk base tanamcaees sich alaie Gp oad og Sen oe Re es 271 
Ke tiri Prom <1 te Pru t acu .iG7 cits bees eaedeanaet ', 273 
Return from non maskable interrupt.............. 275 
Rotate left through carry operand n............ 193 
Rotate left Acc. through Carry |... cses esses ‘179 
Rotate location (HL) left circular.............. 187 
Rotate location. (IX+d) left circclar.......... 189 
Rotate location (IY+d) left circular.......... 191 
Rotate Ree. © -Lete cirew lat scammer asa 185 
Rotate lett circular ACC ico) isis Rotsupatheahets wv. 177 
Rotate digit left and right 

between Acc. and location (HL)...................... 217 
Rotate right through carry operand m......:... 201 
Rotate right Acc. through carry................. 183 
Rotate operand m right circular,................... 197 


ANN 


RRCA 
RRD 


RST 
SBC 


SBC 


SCF 
SET 
SET 
SET 
SET 
SLA 
SRA 
SRL 
SUB 
XOR 


P 
A,s 


HL,ss 


b, (HL) 
b, (IX+d) 
b, (LY+d) 
b,r 


oosS BB 


Rotate right circular ACCe osc ccc cece cece sees 182 
Rotate digit right and left 


between Acc. and location (HL)...........0. 219 
ReStare tO) LOC AELON: (Piss se teeseseccie cemeteieidewons doce weicls 277 
Subtract operand s 

from -Aci¢.6: “WON -CAOry tscsesceseiacssdcees osseeuhsevuwceivces 119 
Subtract Reg. pair ss from 

Be eM Ca¥ s aivic odes vewadetaicee wanaheeus cosas waeubateits aad 163 
Set. carry 'itae CGAL) cco cius Sicdeciedevadewtdtvatune. 148 
Set Bit b of Location (HL) ......e cece cece cece eee eens 232 
Set Bit b of location (I1X+d).......0..0.0.00.0000000. 233 
Set Bit b of location (IYtd).............. eee 235 
Se@-t. Bit). biol “Rep eo Eves iedceads adieaeieestceeses ast lees 231 
Shift' operand m left arithmetic ........0...000.... 205 
Shift operand m right:arithmetic.................. 209 
Shift operand m right logical......... ee. 213 
Subtract operands: Crom ACC si. si idebestbwadseartens 117 


Exclusive “OR” operand s and ACCe...........00055 125 


7780 CRUSS ASSEMBLER 
10:22:47 
STMT SOURCE STATEMENT 


07/09/76 

LUC OBJ COO& 
0000 BE 
vool DOSEO5 
0004 FO8EUS 
Q007 .8F 
Q008 88 
0009 39 
QO0A BA 
0008 + # 88 
vdaoc 8c 
0000 80 
QOOE: CE20 
0010 ED4A 
Qol2 EDSA 
QO14 ED6A 
0016 EDTA 
0018 86 
0019 008605 
OooLc . « FD8605 
OOLF 87 
0020 80 
0021 8l 
0022 82 
0023 83 
0024 B4 
0025 85 
0026 C620 
0028 Q9 
0029 19 
Q02A 29 
0028 39 
Q02C 0009 
OO2E 0019 
0030 0029 
0032 0039 
0034 FOO9 
0036 FOL9 
0038 F029 
OO3A FO39 
003C A6é 
0030 DDA6U5 
0040 FOA605 
0043 Al 
0044 AO 
0045 Al 
0046 A2 
0047 A3 
0048 AS 
0049 AS 
Q04A E620 
004C CB46 
OO4E DOC 80546 
0052 FDCB0546 
0056 CB47 
0058 CB40 
OOSA CB4l 
v0sc CB4S2 
QOSE C843 
0060 CB44 
(0062 CB45 
0064 CB4E 
0066 DOCBO54E 
OO6A FOCBO54E 
OO6E CB4F 
0070 CB48 
0072 CB49 
0074 CB4A 
0076 CB4B 
0078 CB4C 
OQ7A C840 


5.5 


ODOBNOUSUNY 


APPENDIX B 


INSTRUCTION SET ALPHABETICAL ORDER 
OF 06/18/76 


Loc 


vo7c 
OUTE 
0082 
0086 
088 
008A 
vosc 
OO8E 
0090 
0092 
009% 
0096 
OO9A 
009E 
00A0 
voa2 
00A4 


' 00A6 


O00A8 
OOAA 
OOAC 
OOAE 
0082 
0086 
0088 
OOBA 
OOBC 
OOBE 
00CcOo 


, 90C2 


VERSION 1.06 
OPCODE LISTING 

AOC Ay (HL) 

AOC A, ( IX+IND) 
AOC Ae ClY*INO) 
ADC AeA 

40C A,B 

AOC A,C 

AOC 4,0 

AOC AYE 

ADC AgH 

ADC AglL 
- AOC AdN 

ADC HL,B8C 

AOC HL ,DE 

AOC HL HL 

AOC HL» SP 

ADO Ay (HL) 

A40vU Ae lIX+INO) 
ADO Ay (LY*INO) 
AOD A,A 

AOU ArB 

AOD A,C 

AO00 A,O0 

Avo AvE 

ADO AyH 

AOD Aal 

AOO AyN 

AOD HL ,8C 

AOD HL, OE 

AOD HL,HL 

ADO HL, SP 

A0D 1x, BC 

ADD 1x,DE 

AOD IX,1X 

ADO Ix ,SP 

ADO 1Y,8C 

AOD ly, DE 

A0DO Iy,1y 

ADO tY,SP 

AND (HL) 

AND ({X+INO) 
ANO (UY+INO) 
ANO 4 

ANDO 8 

ANDO C 

ANO 0 

ANDO E 

AND H 

ANO L 

ANDO N 

BIT Ov( HL) 

BIT O,{IX+INv)} 
BIT O,t{lY+INO) 
BIT OA 

BIT 078 

BIT 0,C 

BIT 0,0 

BIT OrE 

BIT 0H 

BIT Oevl 

BIT 1, (HL) 

BIT Le (IxXeINO) 
BIT Ll,( 1Y+IND) 
BIT L,A 

BIT 1.8 

SIT 1,C 

BIT 1,0 

“BIT L+E 

BIT 1yH 

BIT bel 


00C4 
00Cc& 
OOCA 
OOCcE 
0000 
0002 
000% 
0006 
0008 
OODA 
ooo0c 
OODE 
QOOE2 
OOE6 
OOE8 
QOOEA 


“GOEC 


QOEE 
OOFO 
OOF2 


OOFS4, 


OOF6 


OOFA- 


OOFE 
0100 
0102 
0104 
0106 
0108 
OLOA 
OLOc 
O10F 
0112 
OllLs 
0118 
0118 
OLLE 
0121 
0124 


OBJ CODE 


C856 
00CB80556 
FOCBU556 
C857 
CB50 
cB5i 
CB52 
C853 
CB54 
CB55 
CB5E 
DOC BO55E 
FOCBO55E 
CB85F 
CB5a 
C859 
CB5A 
C858 
cB5C 
C850 
CB66 
00C80566 
FDC80566 
Cb67 
CB60 
CBél 
C862 
CB63 
CB64 
CB65 
CBSE 
DOCBO56E 
FOCB056E 
CBOF 
CB68 
CB49 
CB6A 
CB6B 
CBé6C 
CB60 
CB76 
DDCB0576 
FOCB0576 
cB77 
cB70 
C871 
C872 


‘CB73 


CK74 
CB75 
CB7E 
OOCBUSTE 
FOCBOS7TE 
CB7F 
C878 
cB79 
CBTA 
C878 
CB7C 
C870 
OC 8405 
FC 8405 
D48405 
C08405 
C446405 
F48405 
EC8405 
£48405 
CC 8405 


STMT SOURCE STATEMENT 


70 
7L 
72 
73 


123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 


BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BLT 
BIT 
BIT 
BIT 
BIT 
BIT 
BLT 
BIT 
BIT 
BIT 
BLT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BLT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BT 
bIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BLT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 


29H) 

24 IX+INO) 
2e5¢1Y+*+INO) 
2A 

28 

27C 

2:0 

20E 

2H. 

2eL 


34 0HL) 


3e(1X+INO) 
3,¢1Y+*+INO) 


4y(HL) 
4y(IX+IND) 
4r(1TY+IND) 
SrA 

4.8 

4,C 

4,0 

GrE 

40H 

Gok 

Sy (HL) 

Se( LX*+INO) 
5eC1Y+INO) 
549A 

58 

54C 

5,0 

54E 

Setl 

Sek 

by (HL) 

69 ¢1X+IND) 
6e(1Y+INO) 
OA 

628 

64C 

640 

GE 

69H 

Gel 

Te Hl) 

Te ( IX*+0NO) 
Ty (I¥*+INO) 


1.06 OF 06/18/76 


780 CROSS ASSEMBLER VERSION 
O7T/09/76 10222247 _ GPCUDE LISTING 
LOC OBS CODE STMT SOURCE STATEMENT 
0127 8 3F 139 CCF 
0128 +#BE 140 cP (HL) 
0129 ODBEOS 141 cP (1X#INO) 
012C FOBEOS 142 ce (1YeINO) 
OL2F BF 143 cP OA 
0130 88 144 cP OB 
Ol31 89 145 cp OC 
0132 # BA 146 cP Ooo 
0133 «8B 147 cP Oi‘ 
0134 BC 148 cP OU 
0135 BD 149 cP OL 
0136 FE20 150 cP ON 
0138 €EDA9 151 cPo 
013A E089 152 CPOR 
013C EDAL 153 CPI 
O13E €EDBL 154 CPIR 
0140 9 2F 155 CPL 
014) 827 156 DAA 
0142 35 157 DEC (HL) 
0143 003505 “158 DEC LIX*INO) 
0146 F03505 159 DEC CLY*#—END) 
0149 830 160 DEC A 
0144 3805 Lol DEC 8B 
0148 08 162 OEC BC 
014C 00 163 DEC «Ct. ’ 
0140 «15 164 DEC OO 
O14E 18 165 DEC ODE 
Ol14F 10 166 DEC «OE 
0150 25 167 DEC =H 
0151 28 168 DEC HL 
0152 0028 169 DEC Ix 
0154 F028 170 DEC 1Y 
0156 20 171 O—EC OL 
-OLS7 38 172 OEC SP 
0158 =F3 173 ol 
0159 1LO2E 174 DJNZ  O1S 
OL5B =-FB 175 €1 
olsc—s E3 176 EX (SP) ,HL 
0150 O00E3 177 EX (SP)eIx 
OLSF FDES 178 EX (SP)sIY 
0161 08 179 EX  AF,AF! 
Ol62 = €8B 180 EX DE,HL 
0163 09 181 EXXx 
0164 76 182 HALT 
0165 E046 183 I” 0 - 
0167 ED56 184 IM l 
0169 EDSE 185 IM 2 
0168 €ED7% 186 IN As(C) 
0160 0820 187 IN AdN) 
Ol6F £040 188 IN BsiC) 
0171 £D48 189 IN C(O) 
OL73  €050 190 IN D,(C) 
0175 E058 191 IN E(C) 
O177 €D60 192 IN Hy(C) 
0179 §=6ED68 193 IN LytC) 
OlL7B 34 194 INC (HL) 
017C =003405 195 INC (IX¢IND) 
Ol17F F03405 196 INC CIY#END) - 
0182 3C¢ 197 INC 6A 
0183 04 198 INC 68 
0184 03 199 INC BC 
0185 oc 200 INC) 6C 
0186 8614 201 INC 0D 
018s? =13 202 INC DE 
0188 1C 203 INC € 
0189 = 4 204 INC H 
OBA =_23 205° INC HL 
0188 0023 206 INC Ix 
0l8D 8 FD2 2u7 INC ly 


aa 


LOC 


O1L8F 
0190 
O1g9l 
0193 
0195 


0197 


0199 
OL9A 
019C 
O19E 
OLAL 
OLAS 
OLAT 
OLAA 
01AD 
0160 
0183 
0186 
0189 
0188 
0180 
O1BF 
o1cl 
01C3 
O1C4% 
O1cs 
01C6 
o1c7 
Oics 
o1c9 
OlCA 
OLCB 
oicc 
O1CE 
O1OL 
0104 
O107 
OLOA 
0100 
O1E0 
01E3 
OLE7 
OLEA 


- OLED 


OlLFO 
OQLF3 
O1F6 
OLF9 
O1LFC 


0200 


0203 
0207 
0208 
O20E 
0212 
0216 
O21A 
0218 
O21C 
0210 
0220 


0223. 


0226 
0227 
0228 
0229 
O22A 


0228. 


0z2Cc 


OsJ CODE 


2c 

33 
EDAA 
EOBA 
EDA2 
E082 
E> 
ODES 
FOE9 
DA8405 
FA8405 
028405 
C38405 
C28405 
F28405 


' €A8405 
°E28405 


CA8405 
382E 
L82E 
302E 


3620 
DU7705 
007005 
DO7105 
007205 
007305 
D07405 
007505 
00360520 
FO7705 
FO7005 
FO7105 
FO7205 
FO7305 
FO7405 
FO7505 
F0360520 
328405 
ED438405 
E0538405 
228405 


- 00228405 


F.0228405 
ED738405 


STMT SOURCE STATEMENT 


208 


209 © 


210 
211 
212 
213 
214 
215 
216 
2.7 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 

232 
233 
234 


" 235 


236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 


259, 


260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 


[Nc 
INC 
INO 
INOR 
INI 
INIR 
JP 
JP 
JP 


L 
SP 


(HL) 

(IX) 

(ly) 

CNN 

M,NN 

NC,NN 

NN 

NZ,NN 

Py NN 

PE,NN 
PO,NN 

Z NN 

C»yOIS 

Ors 
NC,OIS 
NZ,0IS 
Z,01S 

(BC) ,A 
(OE) yA 

CHL ISA 
(HL) 8 
CHL) eC 
({HL),0 
(HL),E 
(HL) ,H 
(HL) L 
(HL) oN 
(IX*INO),A 
(IX#IND),8 
(IX+0NO) C 
(IX*#INO),0 
CIX+INOD SE 
(UX*INO) oH 
CIXe¢INO) SL 
(IX*IND) IN 
(TY*INO),A 
(1Y*¢INO),8 
CIY*#INO),C 
(TY*INO),0 
CI¥Y#INOIZE 
(TY¥*"NO),H 
(CIY¢INO)»L 
(IY*INO)2N 
(NN) 2A 
(NN) ,BC 
CNN) 2DE 
(NN) DHL 
CNND IX 
(NN) TY 
(NND,SP 
4,(8C) 

A, (0E) 

Ae( HL) 

Ay (IX*INO) 


-Av(LY*#IND) 


Ae (NN) 


. A,yA 


AB 
Arc 
AO 
AvE 
AwH 
Avl 


780 CROSS ASSEMBLER 


07/09/76 10322247 OPCOOE 

Loc OBJ CODE STMT SOURCE STATEMENT 
022E 70 277 LO Ast 
022F 3€20 278 “LO = AN 
0231 46 279 LO = Be (HL) 
0232 004605 280 LD Bel IX*IND) 
0235 FD4%&605 281 LD Byl TY*END) 
0238 47 282 LO Bs A 
0239 =40 283 LO BeB 
023A 41 284 Lo 8,C 
0238 42 285 LO Bed 
0230 43 286 LO Bee 
0230 44 287 LO BsH,NN 
O23E 45 288 LO Bel 
023F 0620 289 LO 3 By»N 
0241 E04B 8405 290 LO BCeINN) 
0245 016405 291 40 = BC, NN 
0248 4E 292 LD Cy CHL) 
0249 OD4E05 293 LO Cel IX*IND) 
024C FDSE0S 294 LO CrytIY+IND) 
O24F 4F 295 LD Ce A 
0250 48 296 LO Cob 
0251 49 297 LO C.C 
0252 4A 298 tO Cd 
0253. + 4B 299 LO CoE 
0254 4C 300 LD CoH 
0255 40 301 LO Cot 
0256 O€20 302 LO CoN 
0258 56 303 LO 3 —-— Ov (HL) 
0259 005605 304 LO O,t{IxeIND) 
025C F05605 305 LO Del IY*IND) 
O25F 57 306 LO O,A 
0260 50 307 LO 098 
0261 = 51 308 LO Dec 
0262 52 309 LO 0,0 
0263 53 310 LD DeE 
0264 54 311 LO Osx 
0265 55 312 LO OoL 
0266 1620 313 LO Oren 
0268 €0588405 314 LO OE,(NN) 
026C 118405 315 LO OE,NN 
O26F Se 3106 LD EvitiL) 
0270 8 8DDS5E05 317 LO Est Ix*INO) 
0273 FOSEOS 318 LO 3=Est 1Y*IND) 
0276 5F: 319 LO €E,A 
0277 3858 320 LD €8 
0276 °59 321 LO EC 
0279 «SA 322 LO 3=EeD 
O2TA 58 323 LO EsE 
o278 865C 324 LD EH 
o27C 50 325 LO Eel 
0270 1E20 326 LD EN 
O27F 66 327 LO Hy(HL) 
02380 006605 328 LO Hef IX#IND) 
0283 F06605 329 LO HytlYeIND) 
0286 67 330 LO H»A 
0287 60 331 LO HB 
02868 61 332 tO =—- He 
0289 62 333 LO =D 
028A 63 334 LO HeE 
028B 64 335 LD Het 
o28c 6 5 336 LD ss Hek 
0280 2620 337 LO HN 
02 6F 248405 338 LO = HL (NN) 
0292 218405 339 LO HL»NN 
0295 €047 340 LO ey 
0297 00248405 341 Lo 1X (NN) 
0298 00218405 342 LO IX_eNN 
O29F  FD2A8405 343 to Ty, (NN) 
O2A3. FO218405 344% to IY,NN 
O2a7r~ 6E 345 tO 3 LetHL) 


~ Loc 


O2A8 
O2AB 
O2AE 
O2AF 
02680 
0281 
0262 
0283 
0284 
0285 
0287 
0288 
O28C 
O2B8E 
o2co 
02C3 
o2c5 


O2c7 . 


0269 
02CB 
02CO 
o2ce 
O2CF 
0202 
0205 
0206 
0207 
0208 
0209 
O2DA 
0208 
020C 
O20E 
02E0 
02E2 
O2E4 


O2E6 


O2E8 
O2EA 
O2EC 
O2EE 
O2FO 
O2F2 
O2F4 
O2F6 
O2FT7 
O2F8 
O2F9 
O2FA 
O2FC 
O2FE 
O2FF 
0300 
0301 
0302 
0304 
0306 
0308 
030C 
0310 
0312 
0314 
0316 
0318 
O31A 
031C 
O31E 
0320 


(0324 


VERSION 1.06 OF 06/18/76 
LISTING 


OBJ CODE STMT SOURCE STATEMENT 


DDG6EO5 
FO6EO5 
6F 

68 

69 

6A 

68 

6c 

60 
2E20 
ED7B8405 
F9 
ODF9 
FOF9 
318405 
EDA 
E088 
EDAO 
EDBO 
ED44 
00 

Bé 
008605 
F08605 
B? - 
BO. 

Bl 

B2 


€5 


- DOES 


FOES 
CB&6 
00CB0586 
FOCB0586 
CB87 
CB80 
C681 
C882 
C6883 


 CB64 


CB85s 
CBSE 
DOCBO58E 
FOCBO58E 


346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 


LO 
LO 
LO 
Lo 
Lo 
LO 
LO 
LO 
Lo 
LD 
to 
LO 
LO 
LO 
LO 
LOD 
LOOR 
LOI 
LOIR 
NEG 
NOP 
OR 
OR 
OR 
OR 
OR 
OR 
OR 
OR 
OR 
OR 
OR 
OTOR 
OTIR 
OuT 
OUT 
OUT 
Out 
Out 
ouT 
OuT 
out 
OUTDO 
OUTI 
PoP 
POP 
POP 
PoP 
POP 
POP 


PUSH — 


PUSH 
PUSH 
PUSH 
PUSH 


PUSH ' 


RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 


Le( iX+IND) 
Let IvVeIND) 
Led 
L.8 
Let 


- beO 


LeE 
Le 
Let 
LN 
SPetNN) 
SP,HL 
$P,Ix 
SP,IY 
SP,NN 


(HL) 
CIX¢IND) 
(LY¢IND) 


zZzrFimonag» 


(C),A 
(C).8 
(C),C 
{C),0 
(CHE 
(C),tH 
(C)oL 
(IN) 5A 


AF 
BC 
OE 
HL 
Ix 
ly 
AF 
BC 
DE 
HL 
Ix 
ly 
Ore(HL) 
O,(IX*IND) 
Os(IY*IND) 
OsA 
0.8 
0,C 
0,0 
OrE 
Oot 
Ook 
1, (Ht) 
Le(IX¢INO) 
Le CIYeINo} 


Z80 CRUSS ASSEMBLER 
OPCODE 
STMT SOURCE STATEMENT 


U7/09/76 =10:22:47 
Loc QBs CUDE 
0328 CBBF 415 
O32A CBu8 416 
032C CBY9 © 417 
032E CBKA 418 
0330 C4868 419 
0332 CuBC 420. 
0334 CBSO 42l 
0336 C896” 422 
0338 DDC8U596 423 
033C FDC80596 424 
0340 CBayx7 425 
' 0342 C890 426 
0344 CB9L 427 
0346 CB92 428 
0348. CB93 429 
034A CB94 “430 
034C C895 43k 
034E CB9E 432 
0350 DOC BOS9E 433 
0354 FOCBO59E 434 
0358 ° CBOF . 435 
035A C898 436 
o35C CB99 437 
O35E CB9A 438 
0360 C898 439 
0362 CB9C 440 
03604 CB9D 441 
0366 CbA6 442 
0368 DDCBO5A6 443 
u36C FOCBOSA6& 444 
0370 CHA7 445 
0372 CBA0 446 
0374 CBAL 447 
0376 CBAZ 444 
u378 CBA3 449 
O37A CBA4 450 
037C . CBAS 451 
O37E CBAE 452 
v3460 DDC BOSAE 453 
0384 FOC BUSAE 454 
0388 CBAF 455 
038A CBA8 456 
038C CBA9 457 
038E CBAA 458 
0390 CBAB 459 
0392 CBAC 460 
0394  CBAD 461 
0396 CHB6 462 
u398 DDCBO5B6 463 
039C_ FO0C80586 464 
03A0 ChB? 465 
03A2 CBBO 466 
03A4 CBBl 467 
0346 C882 468 
03A8 CBB3 469 
U3AA CBB4 410 
03AC CBB5 471 
O3AE CBBE 472 
0380 DOCBOSHE 473 
0384 FOCBUSBE 414 
0388 CBBF 415 
038A CBu8 476 
O3BC CBaB9g 477 
O3BE CBBA 418 
03CO CBBB 479 
03C2 CBBC 480 
03C4 Cb80 481 
03C6 c9 482 
03C7 8608 483 


RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 


“RES 


RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 


RES” 


RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RET 
RET 


-3,H 8 


VERSION 
LISTING 


LyA 

1,8 

1,C 

1,0 

1,E 

1,H 

lel. 
2e(HL) 
2e41X+INO} 
2e¢1Y+IND) 
2A 

2°8 

2.C 

2.0 

2eE 

20H 

2eL 

3,¢HL).- 

340 0X*INO) 
3,¢01Y*INO) 
3,A 

398 

3,C 

3,0 

3,€ peat 


3eL 

4, (HL) 
4e(IX*INO) 
GSs(LY+*INDO) 
4y,A 

448 

Gol 

440 

GE 

49H 

4b 

5y(HL) 

Syl IX*#INO) 
Sy,(IY+IND) 
5,A 

58 

52C 

5,0 

SvE 

55H 

Sel 

6, (HL) 
6e11X#INVD) 
by (1 Y*¢INO) 
6,4 

698 

6,C 

690 

bre 


‘69H 


Gel 

Te (HL) 

Te (IX*IND) 
Te,LIY*¢ INO) 


1.06 OF 06/18/76 


9O1A 


Loc 


03C8 
03C9 
Q3CA 
03CB 


o3cc 


03cD 
O3CE 
O3CF 
0301 
0303 
0305 
0309 
0300 
U30F 
O3E1 
03€3 
O3€5 
03€7 
O3€9 
O3EB 
O3EC 
O3EE 
U3F2 
O3F6 
03F8 
O3FA 
O3FC 
O3FE 
0400 
0402 
0404 
0405 
0407 
u409 
0400 
0411 
0413 
0415 
0417 
0419 


0418 


0410 
O41F 
0420 
0422 
0426 
O42A 
042c 
O42E 
0430 
0432 
0434 
0436 
4438 
0439 
043B 
043C 
0430 
O43E 
043F 
0440 
0441 
0442 
0443 
0444 
0447 
U44A 
0448 
044C 


O8J CODE STMT SOURCE STATEMENT 


DOCBO516 © 


FOCBU516 
CBL7 
cBLO 
CBLIL 
CBi2 
CB13 
CBL4 
C815 

L? 

CB06 
00C8U5U6 
FOCBU506 
CBo7 
CBuu 
cb0l 
Csu2 
C803 
CbuU4 
CBU5 

07 

ELOF 
CBLE 
ODCBOSLE 
FOCBUSLE 
CBLF 
CBLS 
CKLY 
CBLA 
C818 
cB1C 
C810 

LF 

CBUE 
OOCBO50E 
FOCBOSOE 
CBUF 
CBu8 
C809 
CBUA 
CBOB 
CBOC. 
CbuD 

UF 


GE 
DO9EOS 
FU9EOS 
IF 
98 


99 


G84 
435 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
52l 
522 
523 
524 
525 
526 
527 
528 
529 
530 
53 
532 
533 
934 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 


RET 
RET 
RET 
KET 
RET 
RET 
RET 
RETI 
RETN 
Rt - 
Rt 
RL 
RL 
RL 
RL 
RL 
RL 
RL 
RL 
RLA 
RLC 
RLC 
RLC 
RLC 
RLC 
RLC 
RLC 
RLC 


RUC 


RLC 
RLCA 
RLO 
RR 
RR 
RR 
RR 
RR 
RR 
RR 


“RR 


RR 
RR 
RRA 
RRC 
RRC 
RRC 
RRC 
RRC 
RRC 
RRC 
RRC 
RRC 
RRC 
RRCA 
RRO 
RST 
RST 
RST 


“RST 


RST 
RST 
RST 
RST 
SBC 


SBC . 


SBC 
SBC 
SBC 
$BC 


( 
( 
( 


-H-IMONe Ee 


( 
( 
( 


CrIMOOeMrP 


4 
NC 
NZ 
r?) 
PE 
PO 
z 


HL) 
IX+INO) 
TY¥*INO) 


(HL) 
CIX+INO) 
(1lY¥*INO) 


rImMmoaoer 


HL ) 
[X+INO) 
1Y+*INO) 


(HL) 
CIX*#INO) 
(1Y*¢{NO) 


-iIMmcrwPp 


0 

10H 

18H 

20H 

28H 

30H 

38H 

8 

A,(HL) 

Ae (IX4+IND) 
AC 1LY+INO) 
AwA 

4,8 

Arc 


780 CROSS ASSEMBLER 
10:22:47 
STMT SOURCE STATEMENT 


07/09/76 

Loc OBJ CUDE 
0440 GA 

U44E 98 

044F 9C ° 

0450 90 

0451 DE20 
0453 ED42 
0455 ED52 
0457 ED62 
0459 ED72 
0458 37 

045C CBC4 
045E O00C805C6b 
0462 FOCBO5C6 
0466 CBC7 
0468 cBcao 
046A CaCl 
046C CBCc2 
046E C8C3 
0470 CBC4 
0472 cBcs 
0474 CBCE 
0476 DOCKOSCE 
047A FOCBOSCE 
O47E CBCF 
0480 C6Cs8 
0482 CBC9 
0484 CBCA 
0486 CKCB 
0488 CBCC 
048A CBCO 
048C C806 
044E 00C80506 
0492 FOCKU5D6 
0496 CBD7 
0498 C600 
049A CBOL 
049C CBL2 
049E C803 
04A0 C BOS 
O4GAz cBv5 
04A4 C408 
04A6 CBDE 
04A8 DOCBOSDE 
04AC - FOCBOSDE 
0480 CBOF 
0482 CBD9 
0484 CBOA 
U4B6 C808 
0488 CBOC 
048A CBUD 
048C CBE6 
048E ODCBOS5E6 
04C2 FDCBOSE6 
04Cb CBET 
04C8 CBEO 
04CA CBEL 
04CC CBE2 
O4CE CBE3 
0400 CBE4 
0402 . CBES 
0404 CBEE 
0406 OOCBOSEE 
040A FOC BOSEE 
O4VE CBEF 
04EG ChE 
U4E2 CBE9 
04E4 CHEA 
04E6 CBEB 
U4EB CBEC 


553 
554 
555 
556 
557 
558 
559 
560 
56l 
562 
$63 
504 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 


584. 


585 
586 
587 
588 
589 
590 
59k 
592 
593 
594 
395 
596 
597 
598 
599 
600 
60l 
602 
603 
604 
605 
606 
607 
608 
609 


610 © 


6ll 
612 
613 
614 
615 
616 
617 
olg 
619 
620 
62l 


VERSION 
OPCODE LISTING 
sBC 4.0 
SBC A,E 
sac -AgH 
S6C Aol 
sac AyN 
SBC HL ¢8C 
Sac Hu »DE 
S8C HL» HL 
$BC HL + SP 
SCF 
SET Or(Hl) 
SET Oel(IX*IND) 
SET O,(1LY*IND) 
SET OeA 
SET Oe8 
SET 0c 
SET 0,0 
SET OvE 
SET OvH 
SET Ol 
SET 1, (HL) 
SET L,(IX+*IND) 
SET L,(IY*INo) 
SET LA 
SET 1,8 
set 1,C€ 
SET 1.0 
SET 1LlE 
SET l,H 
SET tel 
SET 2e (HL) 
SET 2e(1X*IND) 
SET 2et(1Y*INO} 
SET 2A 
SET 256 
SET 2+C 
SET 2.0 
SET 2eEF 
SET 29H 
SET 2eL 
SET 3 8 
SET 3, (HL) 
SET 3e(IX*INO) 
SET 3e(1TY*IENO) 
SET 3A 
SET 3+C 
Set 3,70 
SET 37E 
SET 3H 
SET 3eL 
SET 4,(HL) 
SET Ge(IX*+INO) 
SET 4,(1TY*INO) 
SET 4A 
SET 458 
SET: 41S 
SET 470 
SET GE 
SET 4H 
SET Sel 
SET 5s tH) 
SET 5+C1IX*INO) 
SET 5,(1Y*INO) 
SET 5A 
SET 5B 
SET 52C 
SET 5,0 
SET SE 
SET 5H 


A167 


LOC 


O4EA 
O4EC 
O4EE 
O4F2 
O4F6 
O4F8 


 04FA 


U4FC 
O4FE 
0500 
0502 
0504 
0506 
USOA 
U50E 
0510 
0512 
0514 
O5L6 
0518 
OSLA 
O51C 
OSLE 
0522 
0526 
0528 
OS2A 
052C 
O52E 
0530 
0532 
053% 
0536 
Q53A 
O53E 
0540 
0542 
0544 
0546 
0548 
O54A 
054C 
O54E 
0552 
0556 
0558 
O55A 
Q055C 
OS55E 
0500 
0562 
0564 
0565 
0568 
0568 
O56C 
0560 
O56E 
056F 
0570 
O571 
0572 
0574 
0575 
0578 
u578 
O057C 
0570 
OS7E 
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OBJ COLE 


CBED 
CBF6 
DUCBO5F6 
FOCBOS5F 
CBFT7T 


.CBFO 


CBF 
CBF2 
CBF3 
CBFS 
CBF5 
CBFE 
OOCBOSFE 
FOCBOSFE 
CBFF 
CBF8 
CBF9 
CBFA 
CBFB 
CBFC 
CBFD 
C826 
00CB80526 
FOCBO0526 


“GB2T 


CB20 
CB21 
CB22 
CB23 


-CB24 
CB25 


CB2E 
DOCBOS2E 
FOCBO52E 
CB2F 
C828 
CB29 
CB2A 
C828 
CB2C 
C820 
CB3E 
DOCB053E 
FOCB053E 
CB83F 
C838 
CB39 
CBSA 
Cu38 
CB3c 
CB3D 

96 
009605 
F09605: 
97 

90 

91 

92 

93 

94 

95 

D620 


AE 


ODAEOS 
FOAEOS 
AF 
AB 
A9 
AA 


STMT SOURCE STATEMENT 


622 

623 

624 
625 
626 

627 
628 
629 
630 
631 

632 

633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 

644 
645 

646 
647 
648 

649 
650 
651 

652 
653 
654 
655 
656 
657 
658 
659 
660 
ool 
662 
663 
66% 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 


676. 


677 
678 
679 
680 
681 
682 
683 
684 
665 
686 
687 
648 
689 
690 


SET 
SET 
SET 


SET. 


SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SeT 
SET 
SET 
SET 
SET 
SET 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SLA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRA 
SRL 
SRL 
SKL 
SRL 
SRL 
SRL 
SRL 
SRL 
SRL 


SRL 
SUB 
SUb 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
xXOR 
XOR 
XOR 
XOR 
XOR 


XOR- 


XUR 


Sel 
6, (HL) 


6y(1XIND) 


6Ge(1Y* IND) 
6,A * 

68 

OC 

640 

6rE 

69H 

6st 

TyCHL) 

7, CIX*IND) 
Tel LTY*INO) 
TA 

7,8 

TC 

7,0 

TE 

TeH 

Tek 

(HL) 
CIX*IND) 
(LY#IND) 


HL ) 
[X+INO) 
{Y*INO) 


FiImMmonwrre—errirtrone,p 


=x 
| ca 
~ 


(1X+*INO0) 
(1Y*IND) 


‘ 
‘ 


cr TIMOOWD pp 


(HU) 
(IX*IND) 
CLlY*IND) 


Zzrimoeonrwep 


(HL) | 
(1X*#IND) 
(1Y#IND) 


OOW>»p 
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07/09/76 =10222:47° OPCODE LISTING 
Luc UbJ CODE SFMT SGURCE STATEMENT 


OS7F = AB 691 XOR 
u580 = AC 692, =xOR H 
0581 avd 693 XOK OL 
0582 €£20 69% xOR ON 
0584 695 NN OEFS 2 
096 IND EQU 5- 
697 M FQUsLOH 


698 N EQu 20H 
699 O1S EQu 30H 
700 END 


ATE 


‘ APPENDIX C 


INSTRUCTION SET NUMERICAL ORDER 


5.6 
Z80 CROSS ASSEMBLER VERSION 
07/09/76 10:20:50 . eOPCODE LISTING 
Loc OBJ CODE STMT SOURCE STATEMENT 
0000 =6u0 1 NoP 
0001 018405 2 LO B8C.NN 
0004 02 3 LO (B8C),A 
0005 03 4 INC 8C 
0006 04 5 INC B 
0007 05 6 DEC 8 
0008 0620 7 LD ByN 
QOOA 07 8 RLCA 
0008 08 9 EX AF,AF¢ 
Qooc 09 10 AOD HL,B8C 
0000 OA ll LD A,(8C) 
QOOE 08 12 DEC 8C 
QOOF oc 13 INC C 
0010 oO 14 DEC C 
‘OOLL 0€20 15 LO CoN 
0013 OF 16 RRCA 
0014 LO2E 17 OJNZ OLS 
0016 118405 18 LO OE&,NN 
0019 12 19 LO (0E),A 
OOLA 13 20 INC DE 
0018 14 2l INC DO 
OO1Cc 15 22 DEC O 
oolo 1620 23 LD OrN 
OOLF 17 24 RLA 
0020 182E 25 JR OFS 
0022 19 26 AOD HL,DE 
0023 LA 27 LD Ae(DE) 
0024 18 28 OEC DE 
0025 1c 29 INC E 
0026 10 30 OEC E 
v02T LE20 31 LD EyN 
0029 lF 32 RRA 
002A 202E 33 JR NZ,OIS 
oo02c 218405 34 LD HL ,NN 
0O02F 228405 35 LD (NN),HL 
0032 23 36 INC HL 
0033 24 37 INC H 
0034 25 38 DEC H 
0035 262u 39 LO HoN 
0037 27 40 AA 
0038 262E 4l JR 2,015 
003A 29 42 ADD HL,HL 
0038 248405 43 LO His (NN) 
0O03€E 2B 4% DEC HL 
003F 2c 45 INC L 
0040 20 46 OEC L 
0041 2E€20 47 LO LeN 
0043 2F 48 CPL 
0044 302E 49 JR NC.OIS 
0046 318405 50 LD SP»NN 
0049 328405 51 LO (NN) ,A 
004C 33 52 INC SP 
0040 34 53 INC (HL) 
O04E 35 54 OEC (HL) 
Q04F 3620 55 LO (HL),N 
0051 37 56 SCF 
0052 382E 57 JR C,O1S 
0054 39 58 AOD HL,.SP 
0055 348405 59 LD As (NN) 
4058 38 60 OEC SP 
0059 = 33C ol INC A 
OO5A 30 62 OEC A 
0058 3E20 63 LD AgN 
0050 3F 64 CCF 
OOSE 40 65 LO B88 
OOS5F 41 66 LD BeC 
0060 42 67 LO 8D 
0061 43 68 LO ByE 
0062 44 69 LO BsHyNN 
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Loc OBJ CODE 
0063 45 
0064 46 
0065 47 
0066 48 
0067 49 
0068 4A 
0069 48 
0064 =4C 
0068 40 
006C = 4E 
0060 4F 
006E 50 
OO6F S51 
0070 = 52 
oo7L = 553 
0072 «54 
0073 «55 
0074 56 
0075 «57 
0076 58 
0077 59 
0078 SA 
0079 «5B 
OO7TA = SC 
0078 50 
vo7c SE 
0070 o5F 
OO7E 60 
OO7F 61 
0080 = 62 
0081 63 
0082 64 
0083 «65 
004% 66 
0085 67 
0086 68 
0087 8669 
0088 6A 
0089 68 
03a = 6 
008B 60 
008C = «6E 
0080 6F 
008—E 70 
oosF «71 
0090 72 
009 = 73. 
0092. 7% 
0093-75 
009% 76 
0095 «77 
0096 «=: 78 
0097 =79 
0098 = 7A 
0099 «7B 
009A = 7C 
0098 8670 
009c so 7E 
0090 ~7F 
009E 80 
OO9F al 
00A0 82 
QUAL 83 
OOA2 84 
00A3. 85 
00A% 86 
QOAS = 87 
0046 888 
OOA7? 89 


a1 7 


STMT SOURCE STATEMENT 


70 LO Bel 

71 LO BelHt) 
72 LO BA 

73 LO CeB 

74 LO Cec 

75 LD C0 

76 LO CoE 

77 LD CrH 

ra:) LO Cel 

79 LD CelHL) 
80 LO CoA 

81 LO 0.8 

82 LD Del 

83 LO OeD. 
84 LO DoE 

85 LD DeH 

386 LD Del 

87 LD De fH) 
88 LO O»sA 

389 LD E58 

90 LO E,C 

91 LO £0 

92 LO E,E 

93 LO EsH 

94 LO Esl 

95 LD EelHL) 
96 LD E,A 

97 LO H»B 

98 LO HsC 

99 LO H»D 
100 LO HeE 
101 LO HoH 
102 LD Hel 
103 LD HelHL) 
104 LO Hed 
105 LO &+8 
106 LD LC 
107 LO LD 
108 LD LeE 
109 LOD LeH 
110 LO Lok 
lll LO Ls lHe) 
ll2 LD LeA 
113 LO (HL) 2B 
114 LO (HLI,C 
115 LO (HL).D 
116 LO (HL),E. 
117 LD ({HL).H. 
118 LD (HL),»L 
119 HALT 

120 LD (HL),A 
121 LO Av»8 
122 LO A»C 
123 LD AsO 
124 LO AeE 
125 LD Av»H 
126 LD Aol 
127 LO Ae lHL) 
128 LD AsA 
129 ADO A,B 
130 ADD A,C 
131 ADD A-eD 
132 AOD AE 
133 ADD AvwH 
134 AOD AygL 
135 ADO Asi) 
136 ADO A,A 
137 ADC Av8 
138 AOC A-C 
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07/09/76 10:20:50 sOPCODE LISTING 
Loc OBy CODE STMT SOURCE STATEMENT Loc OBJ CODE SIMf SOURCE STATEMENT 

OOA8 BA 139 AOC AyO oOoFB 00 208 RET NC 
O00A9 = 8B 140 AOC AsE OOFC OL 209 POP DE 
OOAA BC 14k AOC AsH OOF O 028405 210 JP NCsNN 
OOAB 80 142 ADC AoL 0100 0320 211 OUT NyA 
OOAC 8E 143 AOC A,(HL) 0102 048405 212 CALL NC,NN 
OOAOD SF 144 AOC AsA OLO5 D5 213 PUSH DE 
OOAE 90 145 SUB B 0106 0620 214 SUB N 
OOAF 9h 146 Sus C 0108 07 215 RST 10H 
0080 92 147 suB O 0109 08 216° RET C 
oOBL 93 148 SuB E OLOA 09 217 EXX 

0082 94 149 SUB H 0108 DAK405 218 JP C,NN 
0083 95 150 SuB L O1LOE DB20 219 IN AyN 
0084 96 151 SUB (HL) 0110 0C 8405 220 CALL C,NN 
0085 97 152 _  §$UB A OLL3 DE20 221 SBC AyN 
00B6 98 153 SBC A,B 0115 OF 222 RST 18H 
voB7 99 154 SBC AsC O116 EO 223 RET PO 
OOBB YA 155 SBC AsO OLL?7 El 224 POP HL 
0089 86498 156 SBC AgE 0118 £28405 225 JP PO,NN 
OOBA 9C 157 SUC AH 0118 €3 226 EX (SP),HL 
0OBB 90 158 . SBC AgL O11C £48405 227 CALL PQ,.NN 
ooBc 9E 159 SBC Ay(HL) OL1F E5 228 PUSH HL 
0o0B0 oF 160 SBC AsgA 0120 £620 229 AND N 
OOBE AO lel ANO 8 0122 E7 230 - RST 20H 
OOF Al 162 ANO C , 0123 E8 231 RET PE 
ooco A2 163 ANDO DO 0124 E9 232 JP (HL) 
0ocl A3 164 ANO E 0125 £AB405 233 JP PE,NN 
ovuC2 A% 165 AND H 0128 EB 234 ; EX DE+HL 
0OCc3 AS 166 AND L 0129 EC 8405 235 CALL PE,NN 
O0C4 A’ 167 - AND (HL) Ol2C. €EE20 236 XOR N 
00c5s AT 168 AND A O12ZE EF 237 RST 28H 
~ 90C6 AB 169 XOR B OL2F FO 238 RET P 
OocT A9 170 xOR C 0130 Fl 239 POP AF 
00Cc8 AA L7t xOR O O13k F28405 240 JP P,NN 
ouc9 AS 172 xOR E OL34 F3 241 OI 

OOCA AC 173 _XOR H. 0135 F 48405 242 CALL P,NN 
oocsB AD 174. XOR L ' 0138 F5 243 PUSH AF 
vocc AE 175 XOR (HL) 0139 F620 244 OR N 

oocv AF 176 XOR A 0138 FT 245 RST 30H 
OOCE BO : 177 GR 8 013C Fu 246 RET M 
OOCF Bl 178 OR C 0130 F9 247, LO SP,HL 
o0ov0 82 ; 179 oR O O13E FA8405 248 JP M,NN 
oooL B3 180 ORE OL41 FB 249 EI 

uobd2 B4 : 181 OR H OL42 FC8405 250 CALL MyNN 
0003 BS 182 OR L 0145 FE20 251 CP ON 

0004 66 183 OR (HL)- OL47 FF 252 RST 38H 
0005 87 1384 OR A 0148 CB00 253 RLC 8 
0006 B8 185 cP B O14A cBOl 254 RLC C 
0007 89 186 cP C O14C CHO2 255 RLC. O 
0008 BA 187 ce Oo Vl4E -CB03 256 " RLC E 
0009 BB 188 CPE 0150 CBO4 257 RLC H 
OODA BC 189 CP H 0152 CBO5 258 RLC L 
0ovB BD 190 CPL OL54 CBO6 259 RLC (HL) 
o0ovCc BE LOL CP (HL) 0156 CBO? 260 RLC A 
0000 BF 192 CP A 0158 CBO08 261 RRC 8B 
OODE co 193 RET NZ OLSA CB09 262 RRC C 
OOOF Cl 194 POP BC O15C CBOA 263 RRC D 
OOEO C28405 195 JP NZsNN OLSE CBO0B 264 RRC E 
O0€3 C38405 196 JP NN 0160 CBOC 205 RRC H 
OOE6 C48405 \97 CALL NZ,yNN 0162 cBOD 266 RRC L 
OOE9 CS 198 PUSH BC 0164 CBOE 267 RRC (HL) 
VOEA C620 199 AOD AyN ; 0166 CBOF 268 RRC A 
QOEC C7? 20U RST 0 0168 CBLO 269 RL 'B 

QOOED C8 201 RET 2 Ol6A CBll 270 RL C 

OOEE cg 202 RET 016C CBLl2 271 RL DO 

OOEF CAB4U5 203 JP 2,NN . O16E cBL3 272 RL E 
OOF2 CC 8405 204 CALL Z,NN 0170 CBL4 273 Rt H 

OOFS C08405 205 CALL NN 0172 CBLS 274 RL L 

OOFB CE20 206 AOC A,N 0174 CBL6 275 RL CHL} 
OOFA CF 207 RST 8 0176 CBL7 276 RL A 


910 
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O7/09/76 10:20:50 eOPCODE LISTING 
Loc OB CODE STMT SOURCE STATEMENT _ Loc OBJ CODE STMT SOURCE STATEMENT 
0178 Cals 277 RR 8 : 0202 CB65 346 BIT 4L 
OLTA CBLg9 278 RR C 0204 C566 347 BIT 4 ,(HL) 
017C CBLA 279 RR O 0206 CB6?7 348 BIT 459A 
OLTE C818 280 KR E 0208 C868 © 349 BIT 5,58 
0180 Calc 281 RR H O20A C869 350 olT 5eC 
0182 CBLO 282 RRL Vu20c CBOA 351 | BIT 520 
0184 CBLE 283 RR (CHL) O20E CB68 352 BIT 5,E 
0186 CBLF 284 RR A 0210 CB6C 353 BIT 5,H 
0186 C820 285 SLA 8B 0212 CBéD 354 BIT Sei 
O1B8A CB2i 286. SLA C 0214 CB6E 355 BIT StH) 
OLec CB22 287 SLA O 0216 CB6F 356 BIT 5,A 
OLSE Cu23 288 SLA E 0218 cB70 357 BIT 6.8 
0190 CB24 289 SLA H O21A CHK71 358 BIT 6,C 
0192 C825 290 SLA L O2Ic C872 359 BIT 620 
O1L94 CB26 291 SLA (HL) O21E C873 360 BIT Bee 
0196 C827 292 SLA A 0220 C874 361 BIT 6¢H 
0198 C826 293 SRA B 0222 Cca7s 362 BIT 66k 
OQL9A C829 294 SRA C 0224 C876 ' 363 ' BIT 6elHL) 
O19C CB2A 295 SRA O 0226 CBIT 3604 BIT 654 
OL9E Cb2B 296 - SRA.E 0228 C878 365 BIT 7.8 
OLAO CBeCc 297 SRA H O22A C879 366 BIT 7eC 
OLA2 C820 298 SRA L o22C CB7A 367 BIT 7,0 
OLAS CB2E 299 SRA (HL) O22E C87B 368 BIT 7,E 
QLA6 CB2F 300 SRA A 0230 CBIC 369 BIT 7,H 
O1A8 C838 301 SRL 8B “0232 C870 370 BIT 7el 
OLAA CB39 302 SRL C -0234 CB7E 371 BIT 7,(HL) 
OLAC CB3A 303 SRL O 0236 CB7F 372 BIT 7A 
OLAE CB3B 304% SRL E 0238 C880 373 RES 098 
0180 CB3Cc 305 SRL OH O23A C88l 374 RES 0,C 
O1lB2 C830 306 SRL L 023C C882 375 RES 00 
0184 CB3E 307 SRL (HL) O23E CB83 376 RES QOyE 
0186 CB83F 308 SRL A 0240 CB84% - 377 RES OH 
0188 C840 309 BIT 08 0242 C885 378 RES Ost 
O1BA CB41 310 BIT OC 0244 CB86 379 RES Oo (HL) 
O1BC C842 311 BIT 020 0246 C887 380 RES OA 
O1BE C843 "312 BIT Osé 0248 CB88 381 RES 1¢8 
OLCcO CB44 313 BIT OH 024A C889 382 RES 1,C 
Olc2 CB45 314 BIT OeL 024C CBSA . 383 RES 1,0 
O1C4 CB46 315 BIT OstHl) O24E CBSB 384 RES 1¢E 
O1C6 CB47 316 BIT OFA 0250 CB8C 385 RES leH 
01ca CB48 317 BIT 1,8 0252 CBuD 386 RES lel 
OLCA CB49 318 BIT 1,.C 0254 CBBE 387 RES 1,¢HL) 
gcc CB4A 319 BIT 1,0 0256 CBSF 388 RES 1A 
QILCE CB48 320 BIT L,€E 0258 C890 389 RES 2,8 
0100 CB4C 321 BIT 1H 025A cag9al 390 RES 2,C 
0102 CB4D 322 BIT Lel 025C CB92 391 RES 2,0 
0104 CB4E 323 BIT 1,¢(HL) Q25E CB93 392 RES 2,E 
0106 CB4F 324 BIT 1,A 0260 CB94 393 RES 2,H 
0L08 C850 325 BIT 248 0262 CB95 394 RES 2yL 
O1LOA CBSL 326 BIT 2eC © 0264 C896 395 RES 2,¢HL) 
O1OC CB52 327 BIT 2.0 0266 CB9T ; 396 RES 2,4 
OLOE C853 328 BIT 2sE 0268 CB98 397 RES 348 
O1LEO C854 329 BIT 2H O26A C899 398 RES 3,C 
OLE2 C855 330 BIT 2eL 026C CB9A 399 RES 3,0 
OLE4 CB56 331 BIT 2,(HL) O26E C898 400 RES 3eE 
O1E6 Cb57 332 BIT 2A 0270 CB9C 401 RES 3,H 
O1LE8 C858 333 BIT 3,8 0272 CB90 402 RES 3eL 
OlEA C859 334 BIT 3-C 0274 CKIE 403 RES 3,-¢HL) 
OLEC CBSA 335 BIT 3,0 U276 CB89F 404 RES 3A 
OlEE C858 336 BIT 3,€ 0278 CBAO 405 RES 4,8 
OLFO CBSC 337 BIT 39H O2TA CBAL 406 RES 4,5C 
OLF2 cas0 338 BIT Sot O27C CBA2 407 RES 4,0 
OLF4 CBSE 339 BIT 3,¢HL) - O27E CBA3 408 RES 49€ 
OLF6 CBSF 340 BIT 3A 0280 CHAS . 409 RES 4H 
OLF8 CB60 341 BIT 4.28 0282 CBA5 410 - RES Gel 
QLFA Cael 342 BIT 4,C 0284 CBA6 : 4Lll RES 4(HL) 
OLFC CB62 343 BIT 4,0 0286 CBAT 412 RES 4,A 
OLFE CB63 344 BIT 4eE . 0288 CBA8 413 RES 5,8 
Q200 CB64 345 BIT 4sH O2BA CBA9 414 RES 5-C 


210 
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415 
416 


Gir 


418 
419 
420 
421 
422 
423 
424 
425 
426 
421 


428 


429 
430 
431 
432 
433 
43% 
435 
436 
431 
438 
439 
440 
441 

442 
443 
444 
445 
446 
4471 
448 
449 
450 
451 

452 
453 

454 
455 
456 

457 
458 
459 
460 
461 

462 

463 
464 
465 
466 
467 
468 
469 
470 
47k 
472 

473 
474 
475 
416 
47TT 


GT8 


479 
48U 
48l 
482 
483 


07/09/76 10:20:50 
Loc OBJ CODE 
028C CBAA 
O28E CBAB 
0290 CBAC 
0292 CBAD 
U294 CBAE 
0296 CBAF 
0298 C880 
0294 CBB1 
029C CBB2 
O29E C4B3 
U2A0 CBB4 
O2A2 CBBS 
O2A4 Cu86 
O2A6 CBB? 
0248 (bBo 
O2AA CBB9 
U2AC CBBA 
02 AE CBB 
v2B0 CBBC 
0282 CBaBO 
0284 CBBE 
0286 CaBF 
0288 CHCO 
028A CBCL 
O2BC CBC2 
O2vE CB8C3 
O2C0  CBC4 
V2C2 CBC5 
02C4% CBC6 
02C6 Cac7 
02C8 Cucs 
O2CA Cac9 
O2cCc CBCA 
O2Ck CBCB 
0200 cacc 
0202 CBCD 
0204 CBCE 
0206 CBCF 
0208 CBbU 
020A cBul 
V20C CHD2 
O20E CBO3 
02E0 CBU4 
O2E2 B05 
O2E4 CBU6 
O2E6 CBUT 
O2E€8 . CBO8 
O2EA CBD9 
O2EC CBDA 
O2EE CBUB 
02F0 CB0Cc 
O2F2 CBUD 
O2F4 CBOE 
O2F6 CBOF 
O2Fd CBEO 
O2FA CHEL 
Q2FC CBE2 
O2FE ‘CaéE3 
0360 CBE4 
0302 CBES 
U304 CBEb 
0306 CBE? 
0308 CBEB 
030A CBEY 
030C CoEA 
030E CBEB 
v31l0 CBEC 
0312 CHED 
‘U314 CBEE 


eOPCODE 


RES 54D 
RES SsE 


“RES 57H 


RES SyL 

RES Sy, HL) 
RES 5A 

RES 6,8 

RES 66C 

RES 640 

RES 6,s€ 

RES 69H 

RES 6eL 

RES 65(HL) 
RES 6A 

RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET ok 

SET 5,(HL) 
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VERSION 


1.06 
LISTING 
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OF 06/13/76 


LOCc 


U316 
0318 
O3LA 
O31C 
OS3LE 
0320 
0322 


032% 


0326 
0328 
O32A 
032C 
O32E 
0330 


U332- 


0334 
0336 
0338 
O33A4 


Q33C © 


0340 
0344 
0346 
0348 
034C 
U34E 
0351 
0354 
u35a 
Uu35Aa 
0350 
0360 
0363 
0366 
U369 
036C 
O36F 
0372 
0375 


* 0378 


0378 
O37E 
0381 
0384 
0387 
O38A 
0380 
0390 
0393 
0396 
0399 
039C 
O39E 
O3AU 
O3A2 
0344 
03A6 
O3ZAA 
OZAE 
0362 
0386 
O3BA 
O3BE 
03C2 
03C6 
O3CA 
QO3CE 
0302 
03D6 


OBJ CUDE STMT SOURCE STATEMENT 


CBEF 
CBFU 
CBFL 
CHF2. 
CBF3 
CBFS 
CBFE5 
CBF6 
CBFT7 
CBFS 
CBFI9 
CBFA 
CHEB 
CBFC 
CBFD 
CBFE 
CBFF 
VvQ09 
DULY 
DO2164uU5 
00228405 
v023 
0029 
D0D248405 
D028 
003405 
003505 
0036VU520 
D039 
DD4605 
OD4E05 
005605 
UDSE US 
DO6605 
DL6EOS 
v07005 
007105 
007205 
007305 
007405 
v07505. 
OUTTUS 
OD7EUS 
008605 
OO8EO0S 


* 009605 


OL9ENS 
OOA605 
DDAEOS 
008605 
OOBEOS 
ODE 1 
DDE3 
DOES 
O0E9 
DOF9 
00CB80506 
OOC BOSOE 
DOCBO516 
DOCBOSLE 
DOCBO5S26 
OOCBO52E 
OUCBO53E 
DODCBU546 
OOCBO54E 
O0CBO0556 


DOC BOSSE . 


O0DCB0566 
DUCBO56E 


484 
435 
436 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 


“515 


516 
517 
518 
519 
520 
52k 
522 
523 
324 
525 
526 


536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
5946 
547 
5448 
549 
550 
545i 
552 


SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
400 
ADO 
LO 

LO 

INC 
ADO 
LO 

DEC 
INC 
DEC 
LD 

A400 
LD 

LO 

LO 


-Lv 


LO 
LD 
LD 
LO 
LO 
LD 
LO 
LO 
LD 
LO 
ADD 
AOC 
SUB 
$8C 
ANDO 
XOR 
OR 
cP 
POP 
EX 
PUS 
JP 
LO 
RLC 
RRC 
RE 
RR 
SLA 
SRA 
SRL 
BIT 
BIT 
BLT 
BIT 
BIT 
BET 


MANNA NINH OOKTHOHROOHOHW 
ee ee ee | 


IX,DE 

[X,NN 

(NN), 1X 
[Ix 
IX, 1X 

IX,(NN) 

{Xx 
(1X+INO) 
(UEx+INO) 

CIX+INO),N 
IX,SP 

Bs(UX+INO} 

Ce(ixt*INo) 

Det IX+INO) 

Ee(1X*#IN0) 

He ( [X+INO} 

Le (IX+INO) 

(IX#tND) ,8 

(IX+*#INO),C 

(IX+IND).D0 

CIX*I NDI +E 

CIX+INO),H 

CIX* INO) Lk 

(CIX*+0ND),A 

A,lIX+INO} 
A,(UX+#IND) 
A, (IX+tINO) 
CEX+INO) 
A, (I X*i NO) 
(IX*#INO) 
CIX*+IND) 

CEX+END) 

(IX¢*¢iNO) 
1x 

(SP),IxX 

H IX” 

(1X) 

SP,I[Xx 
{IX¢t¢INO) 
({X+#INO) 

CEX+INO} 

(IX+INO) 
(1X+INO) 
(IxX¢INOD) 
(1X+*INO) 
OC iX* NO) 
1, IX*IND) 
2,t0X40ND) 
300 X+0ND) 
Gel IT X+INO) 
5S, (0UX+ING) 


07/09/76 10:20:50 
LOC OBJ COOE 

QO30A 00C80576 553 
030E ODCBO57E 554 
O3E2 00C80586 555 
O3E6 OOCBO5KE 556 
O3EA 00CB0596 557 
O3EE OOCBOS59E 558 
O3F2 O0CB05A6 559 
U3F6 OOCBOSAE 560 
O3FA 00C80586 561 
O3FE OOCB058E 562 
0402 00CBO05C6 563 
0406 OOCBOSCE 564 
040A O0CB05D6 565 
040E OOCBO5DE 566 
0412 OOCBOSES6 567 
0416 OOCBOSEE 568 
O41A OOCBOS5F6 569 
O41E OOCBO5FE 570 
0422 E040 571 
0424 ED41 572 
0426 ED42 573 
0428 £043 8405 574 
042C E044 575 
042E E045 576 
0430 E046 577 
0432 ED47 578 
0434 ED48 579 
0436 E049 580 
0438 ED4A 561 
043A E0488405 582 
043E £040 583 
0440 E050 584 
0442 ED51 585 
0444 EDS2 586 
0446 ED538405 587 
044A ED56 588 
044C E057 589 
O44E E058 590 
0450 E059 591 
0452 EDSA 592 
0454 E0588405 593 
0458 EOSE 594 
O45A ED60 595 
045C ED61 596 
O45E ED62 597 
0460 E067 598 
0462 ED68 599 
0464 E069 600 
0466 ED6A 601 
0468 ED6F 602 
Q46A EOT2 603 
046C ED73 8405 604 
0470 e078 605 
0472 E079 606 
0474 EDTA 607 
0476 ED 788405 6.08 
O47A EDAO 609 
047C EDAL 610 
O47E EDA2 611 
0480 EDA3 612 
0482 EDA8 613 
0484 EDA9 614 
0486 EDAA 615 
0488 EDA’ 616 
O46A ED80 617 
048C ED8l 618 
O48E EDB2 619 
0490 E083 620 
0492 E088 621 


Z80 CROSS ASSEMBLER 


VERSION 1.06 


eOQPCODE LISTING 


STMT SOURCE STATEMENT 


BIT Gel LX*INO) 
BIT 7,CIX*IND) 
RES Oe( (X+INO) 
RES 1,(1X+INO) 
RES 2,4 1X*INO) 
RES 39¢1X+INDO) 
RES 4,(I1X*IND) 
RES 5,(IX*IND) 
RES 6 (IX+{ND) 
RES Tel IX+iNO) 
SET Og (IX*IND) 
SET 1,tIX*INO) 
SET 2,¢1X*IND) 
SET 3,0I1X*IND) 
SET 4&e( 1 X*#IND) 
SET 5,1IX*INO) 
SET 6s(1X+IND) 
SET 7,01 X*IND) 
IN B,(C) 

Our (C),8 

S8C HL,8C 

LO (NN) ,8C 

NEG 

RETN 

I” 0 

LO I,A 

IN C,(C) 

OUT (C),C 

AOC HL,8C 

LO BC, (NN) 
RETI 

IN 0,(C) 

aut (C),D 

SBC HL,OE 

LO (NN),DE 

IM 1 

LO A,l 

IN E,(C) 

QUT (CI,E 

ADC HL,DE 

LD OE,(NN) 

IM 2 

TN Hel(C) 

OUT (C),H 

SBC HL,HL 

RRD 

IN L,0C) 

QUT (C)sk 

AOC HLeHL 

RtO 

SBC HL,SP 

LO (NN) ,SP 

IN AelC) 

OuT (C),A 

AOC HL,SP 

LD SP, (NN) 

LOI 

CPI 

INI 

QuTl 

LOO 

CPO 

IND 

QuTo 

LOIR 

CPIR 

INIR 

OTIR 

LDOR 
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OF 06/18/76 


Loc 


0494 
0496 
0498 
U49A 
049C 
O49E 
04A2 
04A8 
04A8 
O4AA 
O4AE 
0480 
0483 
0486 
O4BA 
048C 
04B8F 
04C2 
04C5 
04C8 
04CB 
O4CE 
0401 
0404 
0407 
040A 
0400 
04E0 
04E3 
04E6 
04t9 
O4EC 
O4EF 
O4F2 
O4F5 
04F8 
O4FB 
O4FE 
0500 
0502 
0504 
0506 
0508 
Q50C 
0510 
0514 
0518 
osic 
0520 
0524 
0528 
052C 
0530 
0534 
0538 
053C 
0540 
0544 
0548 
054C 
0550 
0554 
0558 
055C 
0560 
0564 
0568 
os56c 
0570 


OBJ CODE 


E0B9 
EDGA 
EO8B 
FODO9 
FOLLY 
F0218405 
F0228405 
F023 
FD29 
FO248405 
FO2B 
FD3405 
F03505 
F0360520 
FD39 
F04605 
FO4E05 
F05605 
FO5E05 
F06605 
FD6E05 
FOTO005 
FO7105 
FO7205 
FO07305 
FO07405 
FD7505 
FO7705 
FO7EO5S 
FO08605 
FO8EO0S 
FO09605 
FO9E0S 
FOA605 
FOAEOS 
FO0B605 
FOBEOS 
FOEL 
FOE3 
FOE5 
FOE9 
FOF9 
FOCBO506 
FOCBOSOE 


“FOCBO51L6 


FOCBOSLE 
FOCB0526 
FOC BO52E 
FOCBO53E 
FOCB0546 
FOCBOS4E 
FOCB0556 
FOCBOS5E 
FOCB0566 
FOCBOS6E 
FOCBO576 
FOCBOSTE 
FDCB0586 
FOCBO58E 
FDCB0596 
FOCBO59E 
FOCBOSA6 
FOC BOSAE 
FOCBO5B6 
FOC BOSBE 
FOCBO5C6 
FOCBOSCE 
FDCB0506 
FOCBO5DE 


STMT SOURCE STATEMENT 


622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
bY 
675 
676 
677 
678 
679 
680 
68l 


- 682 


6&3 
684 
685 
686 
687 
688 
6389 
690 


CPoR 
INOR 

OTOR 

ADO LY,8C 

AOD IY,DE 

LO 1Y,NN 

LO (NN), LY 

{NC IY 

AOD IYslyY 

LD [Y¥e(NN) 

DEC [LY 
INC (LY+IND) 
DEC (1Y*INO) 
LD (LY*IND)»N 
AOD [Y,SP 

LO Bel(LY*+INO) 
LD CellY*INO) 
LD Dy (IY+INO) 
LD Es(LY+*INO) 
LD Hel LY*INO) 
LD LelI¥*INO) 
LD (LY*#INO) 8 
LD CIY*INOI,C 
LO CIY*INO),0 
LO CIY*#IND),E 
LD CLY*INO},H 
LD CIY*IND) sh 
LO (1Y*INO),A 
LD Ay(1Y+INO} 
AOD Ay (lY*IND) 
ADC Av(1Y+*#!NO) 
SUB (IY+IND) 
SBC Agl(LY+IND) 
ANO (1Y*¢iNO) 
XOR (I1Y*IND) 
OR (IY#IND) 

CP CIY*IND) 
Pap IY 

EX (SP),1Y 
PUSH [LY 

sp (ly) 

LO SP,lyY 

RLC CLY*INO) 
RRC (1Y*IND) 
RL CLY+IND) 

RR (IY+IND) 
SLA (1Y*+INO) 
SRA (1Y*INO) 
SRL CIY*IND) 
BIT Oe(LY#INO) 
BIT Le(LY*IND) 
BIT 2e(1Y*IND) 
BIT 3e(1Y*INO) 
BIT 4e(TY*IND) 
BIT 5,¢1Y*INO) 
BIT 6¢¢(1Y*INO) 
BIT 7y(1Y*INO) 
RES O,CIY*IND) 
RES Le( LY*IND) 
RES 2,U1Y¢INO) 
RES 3,¢01Y+*IND) 
RES 4e( 1 Y¢IND) 
RES 5e(1Y*IND) 
RES 6,°(1Y*IND) 
RES 7,(LY*IND) 
SET O,tIY+IND) 
SET Le (Y*#IND) 
SET 2e01Y*IND) 
SET 3e(1Y*IND) 


Z80 CROSS ASSEMBLER 


STME SOURCE STATEMENT 


OT/09/76 10:20:50 
Loc OBJ CODE 
0574 FOCBOSE6 691 
0578 FOCBOSEE 692 
O57C FOCBO5SF6 693 
0580 FOCBOSFE 694 
0584 695 
696 
697 
698 
699 
700 


NN 
INO 
M 

N 
OLS 


SET 4+(1Y+INO) 
SET Sy(1Y+IND) 
SET 6e(1Y+IND) 
SET TUL Y+INO) 
DEFS 2 

EQU 5 

EQU LOH 

EQU 20H 

EQU 30H 

END 


VERSION 
eOPCODE LISTING 


1.06 OF 06/18/76 
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Chapter6 INTERRUPT RESPONSE 


The purpose of an interrupt is to allow peripheral devices to suspend CPU operation in an orderly 
manner and force the CPU to start a peripheral service routine. Usually this service routine is involved with 
the exchange of data, or status and control information, between the CPU and the peripheral. Once the 
service routine is completed, the CPU returns to the operation from which it was interrupted. 


INTERRUPT ENABLE — DISABLE 


The Z80 CPU has two interrupt inputs, a software maskable interrupt (INT) and a 
-non-mask interrupt (NMI). The non-maskable interrupt can not be disabled by the 
programmer and will be accepted whenever a peripheral device requests it. This interrupt 
is generally reserved for very important functions that can be enabled or disabled 
selectively by the programmer. This allows the programmer to disable the interrupt during 
periods where his program has timing constraints that do not allow interrupt. In the Z80 
CPU there is an interrupt enable flip flop (IFF) that is set or reset by the programmer using 
the Enable Interrupt (EI) and Disable Interrupt (D1) instructions. When the IFF is reset, an 
interrupt can not be accepted by the CPU. 


There are two enable flip flops, IFF, and IFF.,,. 


Actually disables interrupts Temporary storage location 
’ from being accepted. for IFF,. 


The state of IFF, is used to inhibit interrupts while IFF> is used as a temporary storage location 
for IFF). 


A reset to the CPU forces both the IFF, and IFF, to the reset state so that 
interrupts are disabled. They can then be enabled at any time by an EI instruction by the 
programmer. When an EJ instruction is executed, any pending interrupt request is not 
accepted until after the instruction following EI has been executed. This single instruction 
delay is necessary when the following instruction is a return instruction and interrupts must 
not be allowed until the return has been completed. The EI instruction sets both IFF, and 
IFF, to the enable state. When a maskable interrupt is accepted by the CPU, both IFF, and 
IFF, are automatically reset, inhibiting further interrupts until the programmer wishes. to 


jieue a new EI instruction. Note that for all of the previous cases, IFF, and IFF, are always 
equal. ‘ 


The purpose of IFF> is to save the status of IFF; when a non maskable interrupt occurs. When a non 
maskable interrupt is accepted, IFF, is reset to prevent further interrupts until reenabled by the pro- 
grammer. Thus, after anon maskable interrupt has been accepted, maskable interrupts are disabled but the 
previous state of IFF, has been saved so that the complete state of the CPU just prior to the non maskable 
interrupt can be restored at any time. When a Load Register A with Register 1 (LD A, 1) instruction or a 
Load Register A with Register R (LD A, R) instruction is executed, the state of IFF> is copied into the 
parity flag where it can be tested or stored. 


A second method of restoring the status of IFF, is thru the execution ofa Return From Non 
Maskable Interrupt (RETN) instruction. Since this instruction indicates that the non maskable interrupt 
service routine is complete, the contents of IFF 7 are now copied back into IFF}, so that the status of IFFy 
just prior to the acceptance of the non maskable interrupt will be restored automatically. 
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Table 2 isa summary of the effect of different instructions on the two enable flip flops. 


Action IFF, IFF2 Comments 
CPU Reset ; 0 QO - Maskable interrupt 
INT disabled 
Dl instruction execution ° 0 0 Maskable interrupt 
INT disabled 
EI instruction execution 1 1 Maskable interrupt 
INT enabled 
LD A, instruction execution ° e —_IFFo — Parity flag 
LD A,R instruction execution ° ° IFFo — Parity flag 
Accept NMI 0 e Maskable interrupt 
, INT disabled 
RETN instruction execution IFFo ©  IFFo > IFF, at 
completion of an 
NMI service 
“e” indicates no change routine. 
| "Table 2 
INTERRUPT ENABLE/DISABLE FLIP FLOPS 
CPU RESPONSE 
Non Maskable 


' A non-maskable interrupt is accepted at all times by the CPU. When this occurs, 
the CPU ignores the next instruction that it fetches and instead does a restart to location 
0066H. Thus, it behaves exactly as if it had received a restart instruction but, it is to a 
location that is not one of the 8 software restart locations. A restart is merely a call toa 
specific address in page 0 of memory. 


The CPU can be programmed to respond to the maskable interrupt in any one of three possible 
modes. 


Mode 0 


This mode is similar to the 8080A interrupt response mode. With this mode, the 
interrupting device can place any instruction on the data bus and the CPU executes it. 
Thus, the interrupting device provides the next instruction to be executed. Often this will 
be a restart instruction since the interrupting device only need supply a single byte 
instruction. Alternatively, any other instruction such as a 3 byte call to location in 
memory could be executed. 


The number of clock cycles necessary to execute this instruction is 2 more than the normal number for the 
instruction. This occurs since the CPU automatically adds 2 wait states to an interrupt response cycle to 
allow sufficient time to implement an external daisy chain for priority control. Figures 4.6 and 4.7 illustrate the 
detailed timing for an interrupt response. After the application.of RESET the CPU will automatically enter 
interrupt Mode 0. 


Mode 1 


When this mode has been selected by the programmer, the CPU responds to an 
interrupt by executing a restart to location 0038H. Thus the response is identical to that for 
a non-maskable interrupt except that the call location is 0038H instead of 0066H. The 
number of cycles required to complete the restart instruction is 2 more than normal due to 
the two added wait states. : 
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Mode 2 


This mode is the most powerful interrupt response mode. With a single 8 bit byte from the user an 
indirect call can be made to any memory location. 


With this mode the programmer maintains a table of 16 bit starting addresses for every interrupt 
service routine. This table may be located anywhere in memory. When an interrupt is accepted, a 16 bit 
pointer must be formed to obtain the desired interrupt service routine starting address from the table. 

The upper 8 bits of this pointer is formed from the contents of the I register. The | register must have been 
previously loaded with the desired value by the programmer, i.e. LD 1, A. Note that a CPU reset clears the | 
register so that it is initialized to zero. The lower eight bits of the pointer must be supplied by the interrupt- 
ing device. Actually, only 7 bits are required from the interrupting device as the least significant bit must be 
a zero. This is required since the pointer is used to get two adjacent bytes to form a complete 16 bit service 
routine starting address and the addresses must always start in even locations. 





desired starting address 


Interrupt pointed to by: 


Service 
Routine a IREGISTER | 7 BITS FROM 
Starting CONTENTS | PERIPHERAL 
Address ; 
Table 


The first byte in the table is the least significant (low order) portion of the address. The programmer must 
obviously fill this table in with the desired addresses before any interrupts are to be accepted. . 


Note that this table can be changed at any time by the programmer (if it is stored in Read/Write 
Memory) to allow different peripherals to be serviced by different service routines. 

Once the interrupting devices supplies the lower portion of the pointer, the CPU automatically pushes 
the program counter onto the stack, obtains the starting address from the table and does a jump to this 
address. This mode of response requires 19 clock periods to complete (7 to fetch the lower 8 bits from the 
interrupting device, 6 to save the program counter, and 6 to obtain-the jump address.) 


Note that the Z80 peripheral devices include a daisy chain priority interrupt structure that auto- 
matically supplies the programmed vector to the CPU during interrupt acknowledge. Refer to the Z80 PIO, 
Z80 SIO and Z80 CTC manuals for details. 


Chapter 7 HARDWARE IMPLEMENTATION EXAMPLES 


This chapter is intended to serve as a basic introduction to implementing systems with the Z80-CPU. 


MINIMUM SYSTEM 


Figure 7.1 is a diagram of a very simple Z80 system. Any Z80 system must include the following 
elements: 


Five volt power supply 
Oscillator 

Memory devices 

1/O circuits 

CPU 







+5 VOLT 
POWER SUPPLY 







10R B/A 
e 280- PIO 
c/D 







PORT B 





OUTPUT INPUT 
DATA DATA 


FIGURE 7.1 
MINIMUM Z80 COMPUTER SYSTEM 


Since the Z80-CPU requires only a single 5 volt supply, most small systems can be implemented using 
only this single supply. 


The external memory can be any mixture of standard RAM, ROM, or PROM. In this simple example 
we have shown a single 8K bit ROM (1K bytes) being utilized as the entire memory system. For this 
example we have assumed that the Z-80 internal register configuration contains sufficient Read/Write 
storage so that external RAM memory is not required. 


Every computer system requires I/O circuits to allow it to interface to the real world. In this simple 
example it is assumed that the output is an 8 bit control vector and the input is an 8 bit status word. The 
input data could be gated onto the data bus using any standard 3-state driver while the output data could 
be latched with any type of standard TTL latch. For this example we have used a Z80‘PIO for the I/O 
circuit. This single circuit attaches to the data bus as shown and provides the required 16 bits of TTL 
compatible I/O. (Refer to the Z80 PIO manual for details on the operation of this circuit.) Notice in this 
example that with only three LSI circuits, a simple oscillator and a single 5 volt power supply, a 
powerful computer has been implemented. 


ADDING RAM 


Most computer systems require some amount of external Read/Write memory for data storage and to 
implement a_ stack. Figure 7.2 illustrates how 256 bytes of static memory can be added to the previous 
example. In this example the memory space is assumed to be organized as follows: 








Address 

0000H 
IK bytes 
ROM 

O03FFH 
256 bytes 0400H 
RAM 

04FFH 

ADDRESS BUS 





DATA BUS 


FIGURE 7.2 
ROM & RAM IMPLEMENTATION 


In this diagram the address space is described in hexidecima! notation. For this example, address bit Alo 
separates the ROM space from the RAM space so that it can be used for the chip select function. For 
larger amounts of external ROM or RAM, asimple TTL decoder will be required to form the chip selects. 


MEMORY SPEED CONTROL 


For many applications, it may be desirable to use slow memories to reduce costs. 
The WAIT line on the CPU allows the Z80 to operate with any speed memory. By referring 
back to Chapter 4, you notice that the memory access time requirements are most severe 
during the MI cycle instruction fetch. All other memory accesses have an additional one- 
half clock cycle to be completed. For this reason it may be desirable in some applications 
to add one wait state to the M1 cycle so that slower memories can be used. Figure 7.3 is an 
example of a simple circuit that will accomplish this task. This circuit can be changed to 
add a single wait state to any memory access as shown in figure 7.4. 








WAIT 





FIGURE 7.3 
ADDING ONE WAIT STATE TO AN M1 CYCLE 





FIGURE 7.4 
ADDING ONE WAIT STATE TO ANY MEMORY CYCLE | 


INTERFACING DYNAMIC MEMORIES 


This'section is intended to serve as a brief introduction to interfacing dynamic memories. Each 
individual dynamic RAM has varying specifications that require minor modifications to the description 
given here and no attempt will be made in this document to give details for any particular RAM. Separate 
application notes showing how the Z80-CPU can be interfaced to most popular dynamic RAM. 


Figure 7.5 illustrates the logic necessary to interface 8K bytes of dynamic RAM using 18 pin 4K 
dynamic memories. This figure assumes that the RAM’s are the only memory in the system so that Aj 1s 
used to select between the two pages of memory. During refresh time, all memories in the system must be 
read. The CPU provides the proper refresh address on lines Ag through Ag: To add additional memory to 
the system it is necessary to-replace only the two gates that operate on Ai2 with a decoder that operates 
on all required address bits. For larger systems, buffering for the address and data bus is also generally 
required. 
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FIGURE 7.5 
INTERFACING DYNAMIC RAMS 


Chapter 8 SOFTWARE IMPLEMENTATION EXAMPLES 
8.1. SOFTWARE FEATURES OFFERED BY THE Z80-CPU . . 


The Z80 instruction set provides the user with a large and flexible repetoire of operations with which 
to formulate control of the Z80-CPU. 


The main alternate and index registers can be used to hold the arguments of 
arithmetic and logical operations, or to form memory addresses, or as fast-access storage for: 
frequently used data. 


> . 

Information can be moved directly from register to register, from memory to 
memory, from memory to registers, or from registers to memory. In addition, register 
contents and register/memory contents can be exhanged without using temporary storage. 
In particular, the contents of main and alternate registers can be completely exchanged by 
executing only two instructions, EX and EXX. This register exchange procedure can be 
used to separate the set of working registers between different logical procedures or to 
expand the set of available registers in a single procedure. 


Storage and retrieval of data between pairs of registers and memory can be controlled on a last-in 
first-out basis through PUSH and POP instructions which utilize a special stack pointer register, SP. This 
stack register is available both to manipulate data and to automatically store and retrieve addresses for 
subroutine linkage. When a subroutine is called, for example, the address following the CALL instruction 
is placed on the top of the push-down stack pointed to by SP. When a subroutine returns to the calling 
routine, the address on the top of the stack is used to set the program counter for the address of the next 
instruction. The stack pointer is adjusted automatically to reflect the current ‘‘top” stack position during 
PUSH, POP, CALL and RET instructions. This stack mechanism allows pushdown data stacks and sub- 
routine calls to be nested to any practical depth because the stack area can potentially be as large as 
memory space. 


The sequence of instruction execution can be controlled by six different flags (carry, zero, sign, 

. parity/overflow, add-subtract, half-carry) which reflect the results of arithmetic, logical, shift and compare 
instructions. After the execution of an instruction which sets a flag, that flag can be used tocontrol a 
conditional jump or return instruction. These instructions provide logical control following the manipula- 
tion of single bit, eight-bit byte (or) sixteen-bit data quantities. 


A full set of logical operations, including AND, OR, XOR (exclusive - OR), CPL (NOR) and NEG 
(two’s complement) are available for Boolean operations between the accumulator and all other eight-bit 
registers, memory locations, or immediate operands. 


In addition, a full set of arithmetic and logical shifts in both directions are available which operate 
on the contents of all eight-bit primary registers or directly on any memory location. The carry flag can be 
included or simply set by these shift instructions to provide both the testing of shift results and to link 
register/register or register/memory shift operations. 


9.2 EXAMPLES OF USE OF SPECIAL Z80 INSTRUCTIONS 


A. Assume that a string of data in memory starting at location "DATA" is to be moved into 
another area of memory starting at location "BUFFER" and that the string length is 737 
‘bytes. This operation can be accomplished as follows: 


LD HL , DATA ; START ADDRESS OF DATA STRING 

LD DE , BUFFER ; START ADDRESS OF TARGET BUFFER 

LD BC , 737 ; LENGTH OF DATA STRING 

LDIR ; MOVE STRING — TRANSFER MEMORY POINTED TO 


; BY HL INTO MEMORY LOCATION POINTED TO BY DE 
INCREMENT HL AND DE, DECREMENT BC 
\ ; PROCESS UNTIL BC = 0. 


11 bytes are required for this operation and each byte of data is moved in 21 clock cycles. 








B. Assume that a string in memory starting at location "DATA" is to be moved into another 
area of memory starting at location "BUFFER" until an ASCII $ character (used as string 
delimiter) is found. Also assume that the maximum string length is 132 characters. The 
operation can be performed as follows: : 


HL , DATA 
DE , BUFFER 
BC , 132 
A,‘S’ 

(HL) 
Z,END—$ 


PE , LOOP 


; STARTING ADDRESS OF DATA STRING 

; STARTING ADDRESS OF TARGET BUFFER 

; MAXIMUM STRING LENGTH 

; STRING DELIMITER CODE 

; COMPARE MEMORY CONTENTS WITH DELIMITER 


:GO TO END IF CHARACTERS EQUAL 
: MOVE CHARACTER (HL) to (DE) 
» INCREMENT HL AND DE, DECREMENT BC 
-GO TO “LOOP” IF MORE CHARACTERS 

s OTHERWISE, FALL THROUGH 

‘ NOTE: P/V FLAG IS USED 

: TO INDICATE THAT REGISTER BC WAS 

; DECREMENTED TO ZERO. 


19 bytes are required for this operation. 


C. Assume that a 16-digit decimal number represented in packed BCD format (two BCD 
digits/byte) has to be shifted as shown in the figure 9.1 in order to mechanize BCD 
multiplication or division. The operation can be accomplished as follows: 


LD 

LD 

XOR 
ROTAT: RLD 


INC 
DJNZ 


HL , DATA 
B , COUNT 
A 


HL 
ROTAT — $ 


; ADDRESS OF FIRST BYTE 
; SHIFT COUNT 
;CLEAR ACCUMULATOR 
; ROTATE LEFT LOW ORDER DIGIT IN ACC 
; WITH DIGITS IN (HL) 
- ADVANCE MEMORY POINTER 
; DECREMENT B AND GO TO ROTAT IF 
; BIS NOT ZERO, OTHERWISE FALL THROUGH 


1] bytes are required for this operation. 


FIGURE 94 








D. Assume that one number is to be subtracted from another and that they are both in packed 
BCD format, that they are of equal but varying length, and that the result is to be stored in 
the location of the minuend. The operation can be accomplished as follows: 


LD HL , ARGI ; ADDRESS OF MINUEND 
LD DE , ARG2 : ADDRESS OF SUBTRAHEND 
LD B , LENGTH ; LENGTH OF TWO ARGUMENTS 
AND A -: CLEAR CARRY FLAG 
SUBDEC: LD A ,(DE) : SUBTRAHEND TO ACC 

SBC A, (HL) ; SUBTRACT (HL) FROM ACC 

DAA : ADJUST RESULT TO DECIMAL CODED VALUE 
LD (HL), A : STORE RESULT 

INC HL ; ADVANCE MEMORY POINTERS 

INC DE 
“DINZ SUBDEC — $ ; DECREMENT B AND GO TO “‘SUBDEC” IF B 


; NOT ZERO, OTHERWISE FALL THROUGH 


17 bytes are required for this operation. 


9.3. EXAMPLES OF PROGRAMMING TASKS 


A. _ The following program sorts an array of numbers each in the range (0,255) into ascending order using 
a standard exchange sorting algorithm. 


01/22/76 


LOC 


0000 
0003 
0005 
0006 
0007 
000B 
OOOE 
OOOF 
0012 
0013 
0015 
0018 
001B 


OOID - 


OOIF 


0021 
0023 
0025 


0026 
0026 


222600 
CB84 

4] 

05 
DD2A2600 
DD7EG60 
57 

DDSEO! 


93 


3008 
DD7300 
DD7201 
CBC4 
DD23 
10EA 


CB44 
20DE 
c9 


11:14:37 
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PAGE 1 


; *** STANDARD EXCHANGE (BUBBLE) SORT ROUTINE *** 


: ATENTRY: HL CONTAINS ADDRESS OF DATA 
C CONTAINS NUMBER OF ELEMENTS TO BE SORTED 
(1<C<256) 


; AT EXIT: DATA SORTED IN ASCENDING ORDER 


- USE OF REGISTERS 


; REGISTER CONTENTS 


NEAT: 


NOEX: 


FLAG: 
DATA: 


TEMPORARY STORAGE FOR CALCULATIONS 
COUNTER FOR DATA ARRAY 


LENGTH OF DATA ARRAY 
FIRST ELEMENT IN COMPARISON 


SECOND ELEMENT IN COMPARISON 


UNUSED 

POINTER INTO DATA ARRAY 

UNUSED 
LD (DATA), HL ; SAVE DATA ADDRESS 
RES FLAG,H ; INITIALIZE EXCHANGE FLAG 
LD B,C ; INITIALIZE LENGTH COUNTER 
DEC B ; ADJUST FOR TESTING 
LD IX, (DATA) ; INITIALIZE ARRAY POINTER 
LD A, (IX ; FIRST ELEMENT IN COMPARISON 
LD D,A ; TEMPORARY STORAGE FOR ELEMENT 
LD E, (IX+1) ; SECOND ELEMENT IN COMPARISON 
SUB E ; COMPARISON FIRST TO SECOND 
JR NC, NOEX-$ =; IF FIRST > SECOND, NO JUMP 
LD (1X), E ; EXCHANGE ARRAY ELEMENTS 
LD (IX+1),D , 
SET FLAG,H ; RECORD EXCHANGE OCCURRED 
INC IX — ; POINT TO NEXT DATA ELEMENT 
DINZ NEXT-$ ; COUNT NUMBER OF COMPARISONS 

; REPEAT IF MORE DATA PAIRS 

BIT FLAG,H , DETERMINE IF EXCHANGE OCCURRED 
JR NZ, LOOP-$ ; CONTINUE IF DATA UNSORTED 
RET ; OTHERWISE, EXIT 
EQU. O ; DESIGNATION OF FLAG BIT 
DEFS 2 ; STORAGE FOR DATA ADDRESS 
END 


FLAG TO INDICATE EXCHANGE 


B. The following program multiplies two unsigned 16 bit integers and leaves the result in the HL register 


pair. 
01/22/76 
LOC OBJCODE 
0000 
0000 =«.: 0610 
0002. 4A 
0003. 7B 
0004 +=EB 
0005 210000 
0008  CB39 
OOOA IF 
000B 3001 
ooOoD 19 
OOOE EB 
QOOF 29 
0010. EB 
0011 10F5 
0013. «C9 


11:32:36 


MULTIPLY LISTING 


STMT SOURCE STATEMENT 


ONNDN AWN 


MULT:; 


’ 


MLOOP: 


NOADD: 
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UNSIGNED SIXTEEN BIT INTEGER MULTIPLY. 
ON ENTRANCE: MULTIPLIER IN DE. 
, MULTIPLICAND.IN HL. 


ON EXIT: RESULT IN HL. 


REGISTER USES: 


HIGH ORDER PARTIAL RESULT 
LOW ORDER PARTIAL RESULT 
HIGH ORDER MULTIPLICAND 


COUNTER FOR NUMBER OF SHIFTS 
HIGH ORDER BITS OF MULTIPLIER | 


H 

L 

D - 

E LOW ORDER MULTIPLICAND 
B 

c 

A 


LOW ORDER BITS OF MULTIPLIER 


LD B, 16; 
LD C, D; 
LD A, E; 
EX DE, HL; 
LD HL, 0; 
SRL (C; 

RRA 


JR NC, NOADD-S. 


ADD HL, DE; 
EX DE, HL: 
ADD HL,HL; 
EX _DE,HL; 


DJNZ MLOOP-$; 
RET; 
END; 


NUMBER OF BITS- INITIALIZE 
MOVE MULTIPLIER 


MOVE MULTIPLICAND 

CLEAR PARTIAL RESULT 
SHIFT MULTIPLIER RIGHT 
LEAST SIGNIFICANT BIT IS 
IN CARRY. 

IF NO CARRY, SKIP THE ADD. 
ELSE ADD MULTIPLICAND TO 
PARTIAL RESULT. 

SHIFT MULTIPLICAND LEFT 
BY MULTIPLYING IT BY TWO. 


- REPEAT UNTIL NO MORE BITS.. 
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